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BACKGROUND OF THE INVENTION 
LField of the Invention 

The present invention relates to a signal transmission system for transmission of a digital signal through 
demodulation of its carrier wave. 

ZDescripBon of the Prior Art 

Digital signal transmission systems have been used in various fields. Particularly, digital video signal trans- 
mission techniques have been improved remarkably. .... 

Among them is a digital TV signal transmission method. So far. such digital TV signal transm.ss.on systems 
are in particular use for e.g. transmission between TV stations. They will soon be utilized for terrestrial and/or 
satellite broadcast service in every country of the world. 

The TV broadcast systems including HDTV. PCM music. FAX. and other mformaUon service are now de- 
manded to increase desired data in quantity and quality for satisfying millions of sophisticated viewers. In par- 
ticular. the data has to be increased in a given bandwidth of frequency allocated for TV broadcast serv.ce The 
data to be transmitted is always abundant and provided as much as handled with up-to-date techniques of the 
time. It is ideal to modify or change the existing signal transmission system correspond.ng to an mcrease n 
the data mount with time. . . 

However the TV broadcast service is a public business and cannot go further w.thout cons.denng the in- 
terests and benefits of viewers. It is essential to have any new service appreciable with existing TV receivers 
and displays. More particularly, the compatibility of a system is much desired for proving both old and new 
services simultaneously or one new service which can be intercepted by either of the exiting and advanced 

"^"understood that any new digital TV broadcast system to be introduced has to be arranged for data 
extension in order to respond to future demands and technological advantages and also, for compatible action 
to allow the existing receivers to receive transmissions. ^^-.a 

The expansion capability and compatible performance of prior art dig.tal TV systems w,ll be expla.ned. 

A digital satellite TV system is known in which NTSC TV signals compressed to a about 6 Mpbs are mul- 
tiplexed by time division modulation of 4 PSK and transmitted on 4 to 20 channels while HDTV s.gnals are car- 
ried on a single channel. Another digital HDTV system is provided in which HDTV video data compressed to 
as small as 1 5 Mbps are transmitted on a 16 or 32 QAM signal through ground stations. 

Such a known satellite system permits HDTV signals to be carried on one channel by a conventual man- 
ner thus occupying a band of frequencies equivalent to some channels of NTSC signals. Th.s causes the cor- 
^spTding NTSC channels to be unavailable during transmission of the HDTV signa.. AJso. the "-pabbihty 
between NTSC and HDTV receivers or displays is hardly concerned and the data expansion capability needed 
for matching a future advanced mode is utterly disregarded. 

Such a common terrestrial HOTV system offers an HDTV semce on conventual 6 or 32 OAK Is gnals 
without any modification. In any analog TV broadcast service, there are developed a lot of '?"^"> bn » 
or shadow regions within its service area due to structural obstades. geographical ^"'^ ° r 
interference from a neighbor station. When the TV signal is an analog form, it can be .ntercepted more .or less 
Sh signal attenuates regions a.though its reproduced picture is low ^^V^^^SSi 
form it can rarely be reproduced at an acceptable level within the regions. Th.s disadvantage ,s cntically hostile 

10 ^sTr^r^ the conventional modulation systems such QAM arrange the 

signllS^ 
ment of signal points. 

SUMMARY OF THE INVENTION 

U is an object of the present invention, for solving the foregoing disadvantages, to provide a signal trans- 
mi JLn system arranged for compatible use for both the existing NTSC and introducing HDTV broadcast ser- 
™^l^J™*VL*e and'also. for mining signal attenuating or shadow regions of its serve, area 

°" tsS Emission system according to the present invention comprises (wo major sec* ins: a «ns- 
mir-r havino a stonal input circuit, a modulator circuit for producing m numbers of Signal po.nts. where m-5^ 
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plied from the input, and a transmitter circuit for transmitting a resultant modulated signals and a receiver having 
an input circuit for receiving the modulated signal, a demodulator circuit for demodulating one-bit signal points 
of a QAM carrier wave, and an output circuit. 

In operation, the input signal containing a first data stream of n values and a second data stream is fed to 

5 the modulator circuit of the transmitter where a modified m-bit QAM carrier wave is produced representing m 
signal points in a vector field. The m signal points are divided into n signal point groups to which the n values 
of the first data stream are assigned respectively. Also, data of the second data stream are assigned to m/n 
signal points or sub groups of each signal point group. Then, a resultant transmission signal is transmitted from 
the transmitter circuit. Similarly, a third data stream can be propagated. 

10 At the p-brt modulator circuit, p>m, of the receiver, the first data stream of the transmission signal is first 

demodulated through dividing p signal points in a signal space diagram into n signal point groups. Then, the 
second data stream is demodulated through assigning p/n values to p/n signal points of each corresponding 
signal point group for reconstruction of both the first and second data streams. If the receiver is at p=n, the n 
signal point groups are reclaimed and assigned the n values for demodulation and reconstruction of the first 

is data stream. 

Upon receiving the same transmission signal from the transmitter, a receiver equipped with a large sized 
antenna and capable of large-data modulation can reproduce both the first and second data streams. A receiver 
equipped with a small sized antenna and capable of small-data modulation can reproduce the first data stream 
only. Accordingly, the compatibility of the signal transmission system will be ensured. When the first data stream 

20 is an NTSC TV signal or low frequency band component of an HDTV signal and the second data stream is a 
high frequency band component of the HDTV signal, the small-data modulation receiver can reconstruct the 
NTSC TV signal and the large-data modulation receiver can reconstruct the HDTV signal. As understood, a 
digital NTSC/HDTV simultaneous broadcast service will be feasible using the compatibility of the signal trans- 
mission system of the present invention. 

25 More specifically, the signal transmission system of the present invention comprises: a transmitter having 

a signal input circuit, a modulator circuit for producing m signal points, where m25. in a signal vector field 
through modulation of a plurality of out-of-phase carrier waves using an input signal supplied from the input, 
and a transmitter circuit for transmitting a resultant modulated signal, in which the main procedure includes re- 
ceiving an input signal containing a first data stream of n values and a second data-stream, dividing the m signal 

30 points of the signal into n signal point groups, assigning the n values of the first data stream to the n signal 
point groups respectively, assigning data of the second data stream to the signal points of each signal point 
group respectively, and transmitting the resultant modulated signals and a receiver having an input circuit for 
receiving the modulated signal, a demodulator circuit for demodulating p signal points of a QAM carrier wave, 
and an output circuit, in which the main procedure includes dividing the p signal points into n signal point groups, 

35 demodulating the first data stream of which n values are assigned to the n signal point groups respectively, 
and demodulating the second data stream of which p/n values are assigned to p/n signal points of each signal 
point group respectively. For example, a transmitter 1 produces a modified m-bit QAM signal of which first sec- 
ond, and third data streams, each carrying n values, are assigned to relevant signal point groups with a mod- 
ulator 4. The signal can be intercepted and reproduced the first data stream only by a first receiver 23, both 

40 the first and second data streams by a second receiver 33, and alt the first, second, and third streams by a 
third receiver 43. More particularly, a receiver capable of demodulation of n-bit data can reproduce n bits from 
a multiple-bit modulated carrier wave carrying an m-bit data where m>n, thus allowing the signal transmission 
system to have compatibility and capability of future extension. AJso, a multi-level signal transmission will be 
possible by shifting the signal points of QAM so that a nearest signal point to the origin point of I-axis and Q-axis 

45 coordinates is spaced nf from the origin where f is the distance of the nearest point from each axis and n is 
more than 1 . 

Accordingly, a compatible digital satellite broadcast service for both the NTSC and HDTV systems will be 
feasible when the.ftrst data stream carries an NTSC signal and the second data stream carries a difference 
signal between NTSC and HDTV. Hence, the capability of corresponding to an increase in the data amount to 
so be transmitted will be ensured. Also, at the ground, its service area will be increased wh3e signal attenuating 
areas are decreased. * 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 Fig.1 is a schematic view of the entire arrangement of a signal transmission system showing a first embo- 

diment of the present invention; 

Fig .2 is a block diagram of a transmitter of the first embodiment: 

Fig. 3 is a vector diagram showing a transmission signal of the first embodiment: 
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Fig 4 is a vector diagram showing a transmission signal of the first embodiment 

Fig .5 is a view showing an assignment of binary codes to signal points according to the first embodiment; 
Fig.6 is a view showing an assignment of binary codes to signal point groups according to the first embo- 
diment: 

Fig.7 is a view showing an assignment of binary codes to signal points in each signal point group according 
to the first embodiment; 

Fig .8 is a view showing another assignment of binary codes to signal point groups and their signal points 
according to the first embodiment; 

Fig.9 is a view showing threshold values of the signal point groups according to the first embodiment; 
Fig. 10 is a vector diagram of a modified 16 QAM signal of the first embodiment; 

Fig.1 1 is a graphic diagram showing the relation between antenna radius r 2 and transmission energy ratio 
n according to the first embodiment; 

Fig.1 2 is a view showing the signal points of a modified 64 QAM signal of the first embodiment; 

Fig.13 is a graphic diagram showing the relation between antenna radius r 3 and the transmission energy 

ratio n according to the first embodiment; 

Fig.1 4 is a vector diagram showing signal point groups and their signal points of the modified 64 QAM signal 
of the first embodiment; 

Fig.1 5 is an explanatory view showing the relation between A, and A 2 of the modified 64 QAM signal of 
the first embodiment 

Fig.1 6 is a graphic diagram showing the relation between antenna radius r 2t r 3 and transmission energy ratio 

n 18( n M respectively according to the first embodiment; 

Fig.1 7 is a block diagram of a digital transmitter of the first embodiment 

Fig.18 is a signal space diagram of a 4 PSK modulated signal of the first embodiment 

Fig.1 9 is a block diagram of a first receiver of the first embodiment 

Fig.20 is a signal space diagram of a 4 PSK modulated signal of the first embodiment 

Fig.21 is a block diagram of a second receiver of the first embodiment 

Fig .22 is a vector diagram of a modified 16 QAM signal of the first embodiment; 

Fig.23 is a vector diagram of a modified 64 QAM signal of the first embodiment; 

Fig. 24 is a flow chart showing an action of the first embodiment; 

Figs.25-a and 25-b are vector diagrams showing an 8 and a 16 QAM signal of the first embodiment re- 
spectively, 

Fig.25 is a block diagram of a third receiver of the first embodiment; 

Fig.27 is a view showing signaJ points of the modified 64 QAM signal of the first embodiment 
Fig .28 is a flow chart showing another action of the first embodiment 

Fig .29 is a schematic view of the entire arrangement of a sig naJ transmission system showing a third embo- 
diment of the present invention; 

Fig.30 is a block diagram of a first video encoder of the third embodiment 
Fig .31 is a block diagram of a first video decoder of the third embodiment; 
Fig.32 is a block diagram of a second video decoder. of the third embodiment 
Fig.33 is a block diagram of a third video decoder of the third embodiment 

Fig.34 is an explanatory view showing a time multiplexing of D„ D 2 . and D 3 signaJs according to the third 

embodiment .. 
Fig.35 is an explanatory view showing another time multiplexing of the D 1( and Da signals according 

to the third embodiment 

Fig.36 is an explanatory view showing a further time multiplexing of the D„ and D 3 signals according 
to the third embodiment 

Fig.37 is a schematic view of the entire arrangement of a signal transmission system showing a fourth 
embodiment of the present invention; 

Fig.38 is a vector diagram of a modified 16 QAM signal of the third embodiment 
Fig.39 is a vector diagram of the modified 16 QAM signal of the third embodiment 
Fig 40 is a vector diagram of a modified 64 QAM signal of the third embodiment 

Fig 41 is a diagram of assignment of data components on a time base according to the third embodiment; 
Fig.42 is a diagram of assignment of data components on a time base in TDMA action according to the 
third embodiment 

Fig 43 is a block diagram of a earner reproducing circuit of the third embodiment 
Fig 44 is a diagram showing the principle of carrier wave reproduction according to the third embodiment 
Fig 45 is a block diagram of a earner reproducing circuit for reverse modulation of the third embodimenr 
Fig"4S is a diagram showing an assignment of signal points of the 16 QAM signal of the third embodiment 
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Fig .47 is a diagram showing an assignment of signal points of the 64 QAM signal of the third embodiment; 
Fig.48 is a block diagram of a earner reproducing circuit for 16x multiplication of the third embodiment: 
Ftg.49 is an explanatory view showing a time multiplexing of Dv 1t D m , Dvj, Dk2. Dw. and D« signals ac- 
cording to the third embodiment; 
s Fig. 50 is an explanatory view showing a TDMA time multiplexing of the D V1 . D M1 , Dyj, Dkj, Dya. and Dk, 

signals according to the third embodiment; 

Fig.51 is an explanatory view showing another TOMA time multiplexing of the Dy 1( D MI , Dv2. Dk2. Dva. and 
Dkj signals according to the third embodiment; 

Fig. 52 is a diagram showing a signal interference region in a known transmission method according to the 
10 fourth embodiment; 

Fig. 53 is a diagram showing signal interference regions in a multi-level signal transmission method accord- 
ing to the fourth embodiment; 

Fig.54 is a diagram showing signal attenuating regions in the known transmission method according to the 
fourth embodiment; 

is Fig. 55 is a diagram showing signal attenuating regions in the multi-level signal transmission method ac- 

cording to the fourth embodiment 

Fig. 56 is a diagram showing a signal interference region between two digital TV station according to the 
fourth embodiment; 

Fig. 57 is a diagram showing an assignment of signal points of a modified 4 ASK signal of the fifth embo- 
20 diment 

Fig.58 is a diagram showing another assignment of signal points of the modified 4 ASK signal of the frfth 
embodiment; 

Ftgs.59-a and 59-b are diagrams showing assignment of signal points of the modified 4 ASK signal of the 
fifth embodiment 

25 Fig.60 is a diagram showing another assignment of signal points of the modified 4 ASK signal of the fifth 

embodiment when the C/N rate is low; 

Fig. 61 is a block diagram of a transmitter of the fifth embodiment; 

Figs.62-a and 62-b are diagrams showing frequency distribution profiles of an ASK modulated signal of 

the fifth embodiment 
30 Fig. 63 is a block diagram of a receiver of the fifth embodiment 

Fig.64 is a block diagram of a video signal transmitter of trie fifth embodiment 

Fig.65 is a block diagram of a TV receiver of the fifth embodiment 

Fig. 66 is a block diagram of another TV receiver of the fifth embodiment 

Fig.67 is a block diagram of a satellite-to-ground TV receiver of the fifth embodiment 
35 Fig.68 is a diagram showing an assignment of signal points of an 8 ASK signal of the fifth embodiment 

Fig.69 is a block diagram of a video encoder of the fifth embodiment: 

Fig.70 is a block diagram of a video encoder of the frfth embodiment containing one divider circuit 
Fig.71 is a block diagram of a video decoder of the fifth embodiment; 

Fig. 72 is a block diagram of a video decoder of the fifth embodiment containing one mixer circuit; 
40 Fig. 73 is a diagram showing a time assignment of data components of a transmission signal according to 

the fifth embodiment 

Fig.74-a is a block diagram of a video decoder of the fifth embodiment 

Fig:74-b is a diagram showing another time assignment of data components of the transmission signal ac- 
cording to the fifth embodiment 
*5 Fig.75 is a diagram showing a time assignment of data components of a transmission signal according to 

the fifth embodiment 

Fig.76 is a diagram showing a time assignment of data components of a transmission signal according to 
the fifth embodiment 

Fig.77 is a diagram showing a time assignment of data components of a transmission signal according to 
so the fifth embodiment 

Fig.78 is a block diagram of a video decoder of the fifth embodiment 

Fig. 79 is a diagram showing a time assignment of data components of a three-level transmission signal 
according to the fifth embodiment . - 

Fig.80 is a block diagram of another video decoder of the fifth embodiment 
55 Fig. 81 is a diagram showing a time assignment of data components of a transmission signal according to 

the fifth embodiment 

Fig.82 is a block diagram of a video decoder for D, signal of the fifth embodiment; 

Fig.83 is a graphic diagram showing the relation between frequency and time of a frequency modulated 
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signal according to the fifth embodiment , 

Fta 84 is a block diagram of a magnetic record/playback apparatus of the fifth embod.ment. 

Figiss is a graphic diagram showing the relation between C/N and level according to the second embody 

FiSeS is a graphic diagram showing the relation between C/N and transmission distance according to the 
second embodiment; 

Fig.87 is a block diagram -of a transmitter of the second embodiment; 

Fiq 8fi is a block diagram of a receiver of the second embodiment; . 

Fig.89 is a graphic diagram showing the relation between C/N and error rate according to the second embo- 

F%SQ* a diagram showing signal attenuating regions in the three-level transmission of the fifth embodh 

fS is a diagram showing signal attenuating regions in the four-level transmission of a sixth embodiment; 
Fig.92 is a diagram showing the four-level transmission of the sixth embodiment; 
Fig .93 is a block diagram of a divider of the sixth embodiment; 
Fig 94 is a block diagram of a mixer of the six embodiment; 

Fig.95 is a diagram showing another four-level transmission of the sixth embodiment; 
Fig 96 is a view of signal propagation of a known digital TV broadcast system; 

Fig.97 is a view of signal propagation of a digital TV broadcast system according to the sixth embod.ment; 
Fig.98 is a diagram showing a four-level transmission of the sixth embodiment; 
Fig.99 is a vector diagram of a 16 SRQAM signal of the third embodiment; 
Fig 1 00 is a vector diagram of a 32 SRQAM signal of the third embodiment 

Fig".101 is a graphic diagram showing the relation between C/N and error rate according to the th.rd embo- 
f'J.102 is a graphic-diagram showing the relation between C/N and error rate according to the third embo- 
li 03 is a graphic diagram showing the relation between shift distance n and C/N needed for transmission 
according to the third embodiment; , . . 

Fig.104 is a graphic diagram showing the relation between shift distance n and C/N needed fortransm.ss.on 
according to the third embodiment: 

Fig.105 is a graphic diagram showing the relation between signal level and defence from a transmitt.r 
antenna in terrestrial broadcast service according to the third embodiment 

Fig 106 is a diagram showing a service area of the 32 SRQAM signal of the third embod.ment and 
Fig.107 is a diagram showing a service area of the 32 SRQAM signal of the third embod-menC 

PREFERRED EMBODIMENTS OF THE INVENTION 

Embodiment 1 

One embodiment of the present invention will be described referring to the relevant drawings. 

Fig 1 shows the entire arrangement of a signal transmission system according lo.the present .nvenhon. A 
emitter 1 comprises an input unit 2. a divider circuit 3. a modulator 4. and a transm-tte, ^umt 5. In acton 
each input multiplex signal is divided by the divider circuit 3 into three groups, a first data f "^, a second 
data staam 0* and a third data stream D, which are then modu.aled by the modulator* tm^ttad 
tZ L transmitter unit 5. The modulated signal is sent up from an antenna 6 through an uplmk 7 to a satelh* 
Sere it is intercepted by an up.ink antenna 1 1 and amplified by a transponder 12 before tansmrtted from 
a downlink antenna 13 towards the ground. ^r^nd 

The transmission signal b then sentdown through three downhnks 21 . 32. 
33 and a third receiver 43 respectively. In the first receiver 23. the signal mtercepted by an antenna 22 .s fed 
trough an in ^24 to a demodulator 25 where its M da. stream only is demodu.a£. «M. the second 
and third data streams are not recovered, before transmitted further from an output unrt 26. 

Sinlri Z second receiver 33 allows the first and second data streams of me signal mtacepted by an 
antenna 32 an^fed from an input un« 34 to be demodulated by a demodulator 35 and Mhan. summed by a sum- 
mer 37 to a single data stream which is then transmitted further from an output unit 36. 

na 42 and £ TfrcTan input un» 44 to be demodu!ated by a demodulator 45 and then, summed by a summer 
47 to a single data stream which is then transmitted further from an output unrt 46. 

As understood, the three discrete receivers 23. 33. and 43 have the.r respecuve demodulators of drfferent 
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characteristics such that their outputs demodulated from the same frequency band signal of the transmitter 1 
contain data of different sizes. More particularly, three different but compatible data can simultaneously be ear- 
ried on a given frequency band signal to their respective receivers. For example, each of three, existing NTSC. 
HDTV and super HDTV, digital signals is drvided into a low. a high, and a super high frequency band compo- 
nents which.represent the first the second, and the third data stream respectively. Accordingly, the three dif- 
ferent TV signals can be transmitted on a one-channel frequency band carrier for simultaneous reproducbon 
of a medium, a high, and a super high resolution TV image respectively. ■ 

In service, the NTSC TV signal is intercepted by a receiver accompanied with a small antenna for demod- 
ulation of small-sized data, the HDTV signal is intercepted by a receiver accompanied with a medium antenna 
for demodulation of medium-sized data, and the super HDTV signal is intercepted by a receiver accompanied 
with a large antenna for demodulation of large-sized data. Also, as illustrated in Fig.1. a digital NTSC TV signal 
containing only the first data stream for digital NTSC TV broadcasting service is fed to a digital transmitter 51 
where it is received by an input unit 52 and modulated by a demodulator 54 before transmitted further from a 
transmitter unit 55. The demodulated signal is then sent up from an antenna 56 through an uplink 57 to the 
satellite 10 which in turn transmits the same through a downlink 58 to the first receiver 23 on the ground. 

The first receiver 23 demodulates with its demodulator 24 the modulated digital signal supplied from the 
digital transmitter 51 to the original first data stream signal. Similarly, the same modulated digital signal can be 
intercepted and demodulated by the second 33 or third receiver 43 to the first data stream or NTSC TV signal. 
In summary, the three discrete receivers 23. 33. and 43 all can intercept and process a digital signal of the 
existing TV system for reproduction. 

The arrangement of the signal transmission system wfll be.described in more detail. 
Fig.2 is a block diagram of the transmitter 1 . in which an input signal is fed across the input u nft 2 and divided 
• by the divider circuit 3 into three digital signals containing a first, a second, and a third data stream respectively. 

Assuming that the input signal is a video signal, its low frequency band component is assigned to the first 
data stream; its high frequency band component to the second data stream, and its super-high frequency band 
component to the third data stream. The three different frequency band signals are fed to a modulator input 6 1 
of the modulator 4. Here, a signal point modulating/changing circuit 67 modulates or changes the positions of 
the signal points according to an externally given signal The modulator 4 is arranged for amplitude modulabon 
on two oo-out-of-phase carriers respectively which are then summed to a multiple QAM signal. More specrfV 
cally the signal from the modulator input 61 is fed to both a first 62 and a second AM modulator 63. Also, a 
carrier wave of cos(2rfct) produced by a earner generator 54 is directly fed to the first AM modulator 62 and 
also to a «/2 phase shifter 66 where it is 90' shifted in phase to a sin(27rfct) form prior to transmitted to the 
second AM modulator 63. The two amplitude modulated signals from the first and second AM modulators 62.63 
are summed by a summer 65 to a transmission signal which is then transferred to the transmitter unit 5 for out- 
put. This procedure is well known and will no further be explained. 

The QAM signal will now be described in a common 8x8 or 16.state constellation referring to the first quad- 
rant of a space diagram in Fig.3. The output signal of the modulator 4 is expressed by a sum vector of two. 
Acos2.tfct and Bcos2^fct. vectors 81,82 which represent the two 90°-out-of-phase earners respectively. When 
the dismal point of a sum vector from the zero point represents a signal point, the 16 QAM signal has 16 signal 
points determined by a combination of four horizontal amplitude values a„a 2 .a 3 ,a 4 and four vertical amplitude 
values b 1 .b 2l b 3 .b 4 . The first quadrant in Fig.3 contains four signal points 83 at C„. 84 at C x2t 85 at On, and 8o 

31 °C U is a sum vector of a vector 0-a, and a vector 0-b, and thus, expressed as C„ = a 1 ccs2nfct-b 1 sin2^ct 

= Acos (2^fct+dn/2). „ . . . fc 

It is now assumed that the distance between 0 and a, in the orthogonal coordinates of Fkj.3 is A,, between 

a, and a 2 is A 2 , between 0 and b, is 8, and between b, to b 2 is B 2 . 

As shown in Fig.4. the 16 signal points are allocated in a vector coordinate, in wh.ch each po.nl represents 

a four-bit pattern thus to allow the transmission of four bit data per period or time slot. 
Fiq 5 illustrates a common assignment of two-bit patterns to the 16 signal points. 

When the distance between two adjacent signal points is great, it will be identified by the recerver with much 
ease Hence it is desired to space the signal points at greater intervals, rf two particular signal points are al- 
located near'to each other, they are rarely distinguished and error rate will be increased. Therefore, it is most 
preferred to have the signal points spaced at equal intervals as shown in Fig.5. in which the 16 QAM signal * 

^^T^^^m^r 1 of the embodiment is arranged to divide an input digital signal into a first, a second, and 
a third data or bit stream. The 16 signal points or groups of signal points are divided into four groups. Then. 4 
two-bit patterns of the first data stream are assigned to the four signal point groups respectively, as shown in 
Fig 6 More particularly, when the two-bit pattern of the first data stream is 1 1 . one of four signal po.nts of the 



EP 0 506 400 A2 



first signal point group 91 in the first quadrant is selected depending on the content of the second data stream 
for transmission. Similarly, when 01. one signal point of the second signal point group 92 in the second quadrant 
is selected and transmitted. When 00. one signal point of the third signal point group 93 in the third quadrant 
is transmitted and when 10. one signal point of the fourth signal point group 94 in the fourth quadrant is trans- 

5 mined Aiso 4 two-bit patterns in the second data stream of the 16 QAM signal, or e.g. 16 four-bit patterns in 
the second data stream of a 64-state QAM signal, are assigned to four signal points or sub signal point groups 
of each of the four signal point groups 91.92.93.94 respectively, as shown in Fig.7. It should be understood 
that the assignment is symmetrical between any two quadrants. The assignment of the signal points to the four 
groups 91,92.92,94 is determined by priority to the two-bit data of the first data stream. As the result, two-bit 

to data of the first data stream and two-bit data of the second data stream can be transmitted independently. Also, 
the first data stream will be demodulated with the use of a common 4 PSK receiver having a given antenna 
sensitivity. If the antenna sensitivity is higher, a modified type of the 16 QAM receiver of the present invention 
will intercept and demodulate both the first and second data streams with equal success. 

Fig 8 shows an example of the assignment of the first and second data streams in two-bit patterns. 

is When the low frequency band component of an HDTV video signal is assigned to the first data stream and 

the high frequency component to the second data stream, the 4 PSK receiver can produce an NTSC-level pic- 
ture from the first data stream and the 16- or 64-state QAM receiver can produce an HDTV picture from a com- 
posite reproduction signal of the first and second data streams. 

Since the signal points are allocated at equal intervals, there is developed in the 4 PSK receiver a threshold 

20 distance between the coordinate axes and the shaded area of the first quadrant, as shown in Rg.9. If the 
threshold distance is A TO . a PSK signal having an amplitude of A T0 will successfully be intercepted. However, 
the amplitude has to be increased to a three times greater value or 3A T0 for transmission of a 16 QAM signal 
while the threshold distance A T0 being maintained. More particularly, the energy for transmitting the 16 QAM 
signal is needed nine times greater than that for sending the 4 PSK signal. Also, when the 4 PSK signal is trans- 

25 mitted in a 16 QAM mode, energy waste will be high and reproduction of a carrier signal will be troublesome. 
Above all the energy available for satellite transmitting is not abundant but strictly limited to minimum use. Hen- 
ce nolarge-energyconsuming signal transmitting system will be put into practice until more energy for satellite 
transmission is available. It is expected that a great number of the 4 PSK receivers are introduced into the mar- 
ket as digital TV broadcasting is soon in service. After introduction to the maricet, the 4 PSK receivers will hardly 

30 be shifted to higher sensitivity models because a signal intercepting characteristic gap between the two, old 
and new, models is high. Therefore, the transmission of the 4 PSK signals must not be abandoned. In this re- 
spect a new system is desperately needed for transmitting the signal point data of a quasi 4 PSK signal in the 
16 QAM mode with the use of less energy. Otherwise, the limited energy at a satellite station will degrade the 
entire transmission system. 

35 The present invention resides in a multiple signal level arrangement in which the four signal point groups 

91.92.93.94 are allocated at a greater distance from each other, as shown in Fig.10, for minimizing the energy 
consumption required for 16 QAM modulation of quasi 4 PSK signals. 

For clearing the relation between the signal receiving sensitivity and the transmitting energy, the arrange- 
ment of the digital transmitter 51 and the first receiver 23 will be described in more detail referring to F.g.1. 

* Both the digital transmitter 51 and the first receiver 23 are formed of known types for data transmission or 
video signal transmission e.g. in TV broadcasting service. As shown in Fig.17. the digital transmitter 51 is a 4 
PSK transmitter equivalent to the multiple-bit QAM transmitter 1. shown in Fig.2. without AM modulation capabi- 
lity. In operation, an input signal is fed through an input unit 52 to a modulator 54 where it is divided bya mod- 
ulator input 1 21 to two components. The two components are then transferred to a first two-Phase modulator 

* circuit 122 for phase modulation of a base carrier and a second two-phase modulator circuit 123 for phase 
modulation of a carrier which is 90- out of phase with the base carrier respectively. Two outputs of the firs and 
second two-phase modulator circuits 122,123 are then summed by a summer 65 to a composite modulated 
signal which is further transferred from a transmitter unit 55. 

The resultant modulated signal is shown in the space diagram of Fig.18. 

» It is known that the four signal points are allocated at equal distances for achieving optimum energy ubV 

zation. Fig.18 illustrates an example where the foursignal points 125.126,127.128 ^^^^^ 
1 1 01 00 and 10 respectively. It is also desired for successful data transfer from the d.gilal transmitter 51 to 
the first receiver 23 that the 4 PSK signal from the digital transmitter 51 has an amplitude of not less than a 
given level. More specifically, when the minimum amplitude of the 4 PSK signal needed for transmission from 

55 L digital transmitter 51 to the first receiver 23 of 4 PSK mode, or the distance between 0 and a, ,n F.g.18 e 
A™ the first recerver 23 can successfully intercept any 4 PSK signal having an amplitude of more than A™- 

is transmitted from the transmitter 1 or digital fransmitter 51 respectively through the transponder 1 2 of the satel- 
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lite 10 and demodulate it with the demodulator 24. In more particular, the first receiver 23 is substantially de- 
signed for interception of a digital TV or data communications signal of 4 PSK or 2 PSK mode. 

Ftg.19 is a block diagram of the first recerver 23 in which an input signal received by the antenna 22 from 
the satellite 12 is fed through the input unit 24 to a earner reproducing circuit 131 where a carrier wave is de- 
modulated and to a k/2 phase shifter 132 where a 90* phase shifted carrier wave is demodulated. AJso, two 
90*-out-of-phase components of the input signal are detected by a first 1 33 and a second phase detector circuit 
134 respectively and transferred to a first 136 and a second discrimination/ demodulation circuit 137 respect- 
ively. Two demodulated components from their respective discriminaUon/demodulation circuits 136 and 137, 
which have separately been discriminated at units of time slot by means of timing signals from a timing wave 
extracting circuit 135, are fed to a first data stream reproducing unit 232 where they are summed to a first data 
stream signal which is then delivered as an output from the output unit 26. 

The input signal to the first receiver 23 will now be explained in more detaD referring to the vector diagram 
of Fig .20. The 4 PSK signal received by the first receiver 23 from the digital transmitter 51 is expressed in an 
ideal form without transmission distortion and noise, using four signal points 151,152.153,154 shown in Fig.20. 

In practice, the real four signal points appear in particular extended areas about the ideal signal positions 
151,152,153.154 respectively due to noise, amplitude distortion, and phase error developed during transmis- 
sion. If one signal point is unfavorably displaced from its original position, it will hardly be distinguished from 
its neighbor signal point and the error rate will thus be increased. As the error rate increases to a critical level, 
the reproduction of data becomes less accurate. For enabling the data reproduction at a maximum acceptable 
level of the enror rate, the distance between any two signal points should be far enough to be distinguished 
from each other. If the distance is 2Afl 0 . the signal point 151 of a 4 PSK signal at close to a critical error level 
has to stay in a first discriminating area 155 denoted by the hatching of Fig.20 and determined by 1 0-a R1 1 £A*o 
and 1 0-b R1 1 £Aft 0 . This allows the signal transmission system to reproduce carrier waves and thus, demodulate 
a wanted signaJ. When the minimum radius of the antenna 22 is set to r 0 . the transmission signal of more than ' 
a given level can be intercepted by any receiver of the system. The amplitude of a 4 PSK signal of the digital 
transmitter 51 shown in Fig. 18 is minimum at A T0 and thus, the minimum amplitude A^o of a 4 PSK signal to 
be received by the first receiver 23 is determined equal to A T0 . As the result, the first receiver 23 can intercept 
and demodulate the 4 PSK signal from the digital transmitter 51 at the maximum acceptable level of the error 
rate when the radius of the antenna 22 is more than r<>. If the transmission signal is of modified 16- or 64-siate 
QAM mode, the first receiver 23 may find difficult to reproduce its carrier wave. For compensation, the signal 
points are increased to eight which are allocated at angles of (n/4+n^2) as shown in Fig.25-a and its carrier 
wave will be reproduced by a 16x multiplication technique. AJso, if the signal points are assigned to 16 locations 
at angles of rut/8 as shown in Fig.25-b, the carrier of a quasi 4 PSK mode 16 0^ modulated signal can be 
reproduced with the carrier reproducing circuit 131 which is modified for performing 16x frequency mulb'pti- 
cation. At the time, the signal points in the transmitter 1 should be arranged to satisfy A^{A^A3}=tan(n/8). 

Here, a case of receiving a QPSK signal will be considered. Similarly to the manner performed by the signal 
point modulating/changing circuit 67 in the transmitter shown in Fig.2. it is also possible to modulate the posi- 
tions of the signal points of the QPSK signal shown in Fig. 18 (amplitude-modulation, pulse-modulation, or the 
like). In this case, the signal point demodulating unit 1 38 in the first receiver 23 demodulates the position mod- 
ulated or position changed signal. The demodulated signal is outputted together with the first data stream. 

The 16 QAM signal of the transmitter 1 will now be explained referring to the vector diagram of Fig. 9. When 
the horizontaJ vector distance A t of the signaJ point 83 is greater than A TO of the minimum amplitude of the 4 
PSK signal of the digital transmitter 51, the four signal points 83,84,85,86 in the first quadrant of Fig.9 stay in 
the shaded or first 4 PSK signal receivable area 87. When received by the first recerver 23, the four points of 
the signal appear in the first discriminating area of the vector field shown in Fig.20. Hence, any of the signal 
points 83.84.85,86 of Fig.9 can be translated into the signal level 151 of Fig.20 by the first receiver 23 so that 
the two-bit pattern of 1 1 is assigned to a corresponding time slot The two-bit pattern of 1 1 is identical to 1 1 of 
the first signal point group 91 or first data stream of a signal from the transmitter 1. Equally, the first data stream 
will be reproduced at the second, third, or fourth quadrant. As the result, the first receiver 23 reproduces two-bit 
data of the first data stream out of the plurality of data streams in a 15-. 32-. or64-state QAM signal transmitted 
from the transmitter 1. The second and third data streams are contained in four segments of the signaJ point 
group 91 and thus, will not affect on the demodulation of the first data stream. They may however affect the 
reproduction of a earner wave and an adjustment, described later, will be needed. 

If the transponder of a satellite supplies an abundance of energy, the foregoing technique of 16 to 64-state 
QAM mode transmission wfll be feasible. However, the transponder of the satellite in any existing satellite trans- 
mission system is strictly limited in the power supply due to its compact size and the capability of solar batteries, 
rf the transponder or satellite is increased in size thus weight, its launching cost will soar. This disadvantage 
will rarely be eliminated by traditional techniques unless the cost of launching a satellite rocket is reduced to 
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power supply and a ^ shown in Fig.9. the minimum signal point distance is 

ny onve'uona. sate..i.e transponder can hard.y provide a power for enab.mg, ^ j«njJUJ^o fj«4 
PSK first receiver to intercept a transmitted signal therefrom. For example in the exsbn 40W system. 360 W 
is needed tor appropriate signal transmission and will be unrealsbc in the respect of cost 

K woud be understood that the symmetrical signal stale QAM technique is "™t ««.c£. when the ^ecerv- 
ers pipped with me same sized antennas are employed corresponding to a grven tra^ 
novel technique will however be preferred for use with the receivers equ.pped w.th different saed ^tennas 
novel lecnnique win ™ * intercepted by a common low cost receiver system having a 

S££ ^.-wii-ediumorlargesizedantenna which is designed 

e a HDTV entertainments, to a particular person who invests more money. This allows both 4 PSK and 16QAM 
$!£2£%* a 64 DMA. to be «nsm*ted s- m u,.aneous.y wfth the he.p of a sma.. .noease ,n me 

*** ForTxamrthe transmitting power can be maintained iow when the signal points are aHocated at A,=A 2 
as shovTin fS Vo Th^amprJe A(4) for transmission of 4 PSK data is expressed by a vector 96 equ-va ent 
"a sq-e S" - 2A,>. The amplitude A(,6) of me entire signal is expressed by a vector 96 equ.va.ent to a 
square root of (^^(B^BJj. Then. = ^ __ ^ + ^ = ^ 

|A(16)I* = (A t +A J P + (B, + B 1 )i = 4Ato 1 + 4A to j = 28A TO » 
|A(16)|/|A(4)| = 2 

A«»rdin Q lv the 1 6 QAM signal can be transmitted at a two times greater amplitude and a four bmes greater 

^^However it can be demodulated with the second receiver 33 when two thresholds A, and I A, are 
po.nl QAM H«vb «« e b ^ een ^ signa , p0 , nts ,„ , ne fin5t 

r, of the antenna 22 of the second recerver 23. , dUtance signa | sta te mode 

Mso. the point 102 ^^^"^^^^ Z^. As apparent from the 

^The^sm^^ 

man 5 times me value, as denoted by the hatching ofl W The P« nt 104 wit ^ ^ ^ 

^e^ 

n l6 = ((A, + A^/At) 2 £ 5 

Hence. A 2 == 1.23A,. 

10 
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If the distance between any two signal point group segments shown in Fig. 10 is 2A(4) and the maximum 
amplitude is 2A{16), A(4) and A(16)-A(4) are proportional to A t and A 2 respectively. Hence, (A(16)) 2 £5(A(14)>* 
is established. 

The action of a modified 64 ASPK transmission will be described as the third receiver 43 can perform 64- 
5 state QAM demodulation. 

Fig.12 is a vector diagram in which each signal point group segment contains 1 6 signal points as compared 
with 4 signal points of Fig. 10. The first signal point group segment 91 in Fig.12 has a 4x4 matrix of 16 signaj 
points allocated at equal intervals including the point 170. For providing compatibility with 4 PSK, A,aA T0 has 
to be satisfied. If the radius of the antenna 42 of the third receiver 43 is r 3 and the transmitting energy is n«a, 
id the equation is expressed as: 

= {W/<n-1))r s * 

This relation between r 3 and n of a 64 QAM signal is also shown in the graphic representation of Fig. 13. 

It b understood that the signal point assignment shown in Fig.12 allows the second receiver 33 to demod- 
ulate only two-bit patterns of 4 PSK data. Hence, it is desired for having compatibility between the first, second, 
15 and third receivers that the second receiver 33 is arranged capable of demodulating a modified 16 QAM form 
from the 64 QAM modulated signal. 

The compatibility between the three discrete receivers can be implemented by three-level grouping of sig- 
nal points, as illustrated in Fig.14. The description will be made referring to the first quadrant in which the first 
signal point group segment 91 represents the two-bit pattern 1 1 of the first data stream. 
20 In particular, a first sub segment 181 in the first signal point group segment 91 is assigned the two-bit pattern 

1 1 of the second data stream. Equally, a second 182, a third 183, and a fourth sub segment 184 are assigned 
01, 00, and 10 of the same respectively. This assignment is identical to that shown in Fig.7. 

The signal point allocation of the third data stream will now be explained referring to the vector diagram of 
Fig. 15 which shows the first quadrant As shown, the four signal points 201,205,209,213 represent the two-bit 
25 pattern of 1 1. the signal points 202.206.210.214 represent 01. the signal points 203.207.21 1 ,215 represent 00, 
and the signal points 204,208.212.216 represent 10. Accordingly, the two-bit patterns of the third data stream 
can be transmitted separately of the first and second data streams. In other words, two-bit data of the three 
different signal levels can be transmitted respectively. 

As understood, the present invention permits not only transmission of six-bit data but also interception of 
30 three, two-bit, four-bit, and six-bit. different bit length data with their respective receivers while the signal com- 
patibility remains between three levels. 

The signal point allocation for providing compatibility between the three levels wot be described. 
As shown in Ftg.15, A t £A TO is essential for allowing the first receiver 23 to receive the first data stream. 
* It is needed to space any two signal points from each other by such a distance that the sub segment signaJ 
35 points, e.g. 182.183,184, of the second data stream shown in Fig. 15 can be distinguished from the signal point 
91 shown in Fig. 10. 

Fig. 15 shows that they are spaced by 2/3A 2 . In this case, the distance between the two signal points 201 
and 202 in the first sub segment 181 is Aj/6. The transmitting energy needed for signal interception with the 
third receiver 43 is now calculated. If the radius of the antenna 32 is r 3 and the needed transmitting energy is 
40 n w times the 4 PSK transmitting energy, the equation is expressed as: 

h 2 = <12r,)*/(n-1) 

This relation is also denoted by the curve 21 1 in Fig.1 6. For example, if the transmitting energy is 6 or 9 times 
greater than that for 4 PSK transmission at the point 223 or 222, the antenna 32 having a radius of 8x or 6x 
value respectively can intercept the first, secondhand third data streams for demodulation. As the signaJ point 
45 distance of the second data stream is dose to 2/3A 2 , the relation between r, and r 2 is expressed by. 

r a * = (3r,)V(n-1) 

Therefore, the antenna 32 of the second receiver 33 has to be a bit increased in radius as denoted by the curve 
223. 

As understood, while the first and second data streams are transmitted through a traditional satellite which 
so provides a smaJI signaJ transmitting energy, the third data stream can also be transmitted through a future satel- 
lite which provides a greater signal transmitting energy without interrupting the action of the first and second 
receivers 23.33 or with no need of modification of the same and thus, both the compatibility and the advance- 
ment will highly be ensured. 

The signal receiving action of the second receiver 33 will first be described. As compared with the first re- 
55 ceiver 23 arranged for interception with a smaller radius r, antenna and demodulation of the 4 PSK modulated 
signal of the digital transmitter 51 or the first data stream of the signal of the transmitter 1, the second receiver 
33 is adapted for perfectly demodulating the 16 signal state two-bit data, shown in Fig. 10, or second data stream 
of the 16 QAM signal from the transmitter 1. In total, four-bit data including also the first data stream can be 



11 



BP 0 506 400 A2 



^Thts Sowsr e seld receiver 33 to identify a signal component involving a smaller signal pent distance. 
S^en^Ta^ second receiver 33 also contains a first 232 and a second data stream reproducing 
2 £ o d ration confer 231.There is provided a first »f ^ r ^!£ • 

SSewAMder^^ 

Zl pos «v»nd negative, threshold values about the zero level. As apparentfrom the ^JSSSSS 
Xreshdd values are varied depending on the transmitting energy of * 'J^E b? 

nal of the embodiment is a modified 16 QAM signal. When the reference threshold a TH„. it a determined by. 
as shown in Fig.22: 

TH„= (A, +A^2)/(A,+AJ 
The various data for demodu.ation induding A1 and A 2 orTH M , and me value mfor ■mu lbple-k ^^ ula ;°" 
are also transmitted from the transmitter 1 as carried in the first data stream. The 231 
may be arranged for recovering such demodulation data through statist* process of the received signal. 

factor A,/A, causes a change of the threshold value. Increase of a difference of a value o A./A, set at the re- 
Zs2\Z\ value of U se, a, the transmitter side increase ltl e ^ ^J^J^^ 
demodulated signa! from the second data stream reproducmg umt 233 may be fed back to *e ^°dufe °n 
controller 231 to change the shift factor A,/A 2 in a direcbon to decrease the error rate. By this » m "9««'«. 
"e"ceLr43mayno t demodu^ 

Sher the transmitter may not transmit the shift factor A./A, so that the transm.ss.on capacity can be ,n- 
ereased This technique can be applied also to the second receiver 33. 

The dentation confer 231 has a memory 231a for storing therein different " 
,hif la^Te number of signa. points, the synchronization rules, etc.) which correspond to different channels . 
o?w btoadcTst. Zen rL-Lg one of the channels again, the values corresponding to the recervmg channe. 

^th^^ 

modified 64 QAM s^nal as shown in F.g.23. At Step Jiu. k >s constellation, the 

THu = (A, + Aj/2)/(A| + Aj) 

„ rtf tv, hut its resultant distance between signal points is smaller. 

This calculation is equivalent to that of TH 16 but its 015 stance between the first 181 and the 
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the second receiver 33. any two signal points in the segment will hardly be distinguished from each other. This 
judgment is executed at Step 313. If d M is out of a permissive range, the procedure moves back to Step 313 
for 4 PSK mode demodulation. If d M is within the range, the procedure advances to Step 305 for allowing the 
demodulation of 1 6 QAM at Step 307. If it is determined at Step 308 that the error rate is too high, the procedure 

$ goes back to Step 313 for 4 PSK mode demodulation. 

When the transmitter 1 supplies a modified 8 QAM signal such as shown in Fig.25-a in which all the signal 
points are at angles of cos(2icf+n ji/4), the carrier waves of the signal are lengthened to the same phase and 
will thus be reproduced with much ease. At the time, two-bit data of the first data stream are demodulated with 
the 4-PSk receiver while one-bit data of the second data stream is demodulated with the second receiver 33 

10 and the total of three-bit data can be reproduced. 

The third receiver 43 will be described in more detail. Fig .26 shows a block diagram of the third receiver 
43 similar to that of the second receiver 33 in Fig .21. The difference is that a third data stream reproducing unit 
234 is added and also, the discrimination/reproduction circuit has a capability of identifying eight-bit data. The 
antenna 42 of the third receiver 43 has a radius r 3 greater than r 2 thus allowing smaller distance state signals, 

is e.g. 32- or 64-state QAM signals, to be demodulated. For demodulation of the 64 QAM signal, the first discrimn 
nation/reproduction circuit 136 has to identifv 8 digit levels of the detected signal in which seven different 
threshold levels are involved. As one of the threshold values is zero, three are contained in the first quadranL 
Fig.27 shows a space diagram of the signal in which the first quadrant contains three different threshold 
values. 

20 As shown in Fig.27. when the three normalized threshold values are TH1 W . TH2 M . and TH3 M . they are 

expressed by: 

TH1 M = (A, + A5/2)/(A, + AJ 
TH2« = (A, + A^^A, + A 2 ) and . 
TH3 W = {A x ♦ A r A i /2)/{A 1 + A 2 ). 

25 Through AM demodulation of a phase detected signal using the three threshold values, the third data 

stream can be reproduced like the first and second data streams explained with Fig.21. The third data stream 
contains e.g. four signal points 201.202.203.204 at the first sub segment 181 shown in Fig.23 which represent 
4 values of two-bit pattern. Hence, six digits or modified S4 QAM signals can be demodulated. 

The demodulation controller 231 detects the values m. A,. A 2 , and A 3 from the demodulation data contained 

30 in the first data stream demodulated at the first data stream reproducing unit 232 and calculates the three 
threshold values TH1 W . TH2^, and TH3 W which are then fed to the first 136 and the second discrimination/re- 
production circuit 137 so that the modified 64 QAM signal is demodulated with certainty. Also, if the demodu- 
lation data have been scrambled, the modified 64 QAM signal can be demodulated only with a specific or 
subscriber receiver. Fig _28 is a flow chart showing the action of the demodulation controller 231 for modified 

25 64 QAM signals. The difference from the flow chart for demodulation of 16 QAM shown in Fig.24 will be exp- 
lained. The procedure moves from Step 304 to Step 320 where it is examined whether m=32 or not If m=32, 
demodulation of 32 QAM signals is executed at Step 322. If not. the procedure moves to Step 321 where it is 
examined whether m=64 or not. If yes, A 3 is examined at Step 323. If A 3 is smaller than a predetermined value, 
the procedure moves to Step 305 and the same sequence as of Fig.24 is implemented. If it is judged at Step 

jo 323 that A 3 is not smaller than the predetermined value, the procedure goes to Step 324 where the threshold 
values are calculated. At Step 325, the calculated threshold values are fed to the first and second discrimi- 
nation/reproduction circuits and at Step 326. the demodulation of the modified 64 QAM signal is carried ouL 
Then, the first, second, and third data streams are reproduced at Step 327. At Step 328, the error rate is 
examined. If the error rate is high, the procedure moves to Step 305 where the 16 QAM demodulation is re- 
peated and if low, the demodulation of the 64 QAM is continued. 

The action of earner wave reproduction needed for execution of a satisfactory demodulating procedure will 
now be described. The scope of the present invention indudes reproduction of the firstdata stream of a modified 
1 6 or 64 QAM signal with the use of a 4 PSK receiver. However, a common 4 PSK receiver rarely reconstructs 
carrier waves, thus failing to perform a correct demodulation. For compensation, some arrangements are 

so necessary at both the transmitter and receiver sides. 

Two techniques for the compensation are provided according to the present invention. A first technique 
relates to transmission of signal points aligned at angles of (2n-1)*/4 at intervals of a given time. A second tech- 
nique offers transmission of signal points arranged at intervals of an angle of n*/8. 

According to the first technique, the eight signal points including 83 and 85 are aligned at angles of n/4, 

55 3rJ4, 5rJ4. and 7n/4, as shown in Fig.38. In action, at least one of the eight signal points is transmitted during 
sync time slot periods 452.453.454,455 arranged at equal intervals of a time in a time slot gap 451 shown in 
the time chart of Fig.38. Any desired signal points are transmitted during the other time slots. The transmitter 
1 is also arranged to assign a data for the time slot interval to the sync timing data region 499 of a sync data 
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n.r«S5.T^ signal W be ex.ained in more detaH ,e« 9 ,c RjM-TJ. times£ = 
451 containing the sync time slots 452.453.454.455 represents a unit data stream or block 491 carrying a data 

°' D The sync time slots in the signal are arranged at equal intervals of a given time determined by ' ttw > time 
slot interval or sync timing data. Hence, when me arrangement of the sync time slots » detected, reproducbon 
Scarier waves will be executed s.ot by slot through extracting the sync timing data from the,r respective tune 

S ' 0t Such a sync timing data S is contained in a sync block 493 accompanied at the front end of a data frame 
492 which is consisted of a number of the sync time slots denoted by the hatching in F.g.41 Accord.ng.y the 
S » ba! exacted for carrier wave reproduction are increased, thus allowing the 4 PSK recerver to reproduce 
desired carrier waves at higher accuracy and efficiency. resoec t- 

The sync block 493 comprises sync date regions 496.497.498.._con.a.n,ng sync data S VS 
ivelv which include unique words and demodulation data. The phase sync signal assignmen region 499 s ac 
^anifd aUhe end of the sync block 493. which hoids a data of l T including informal about .nterval 

ara ss: K :;;:::pTsio< has . ^ and . ^ , be by 

me 4 PSK receiver. Accordingly. « x in the phase sync signal assignment region 499 can be retrieved wrthou. 
error thus ensuring the reproduction of carrier waves at accuracy. L[ „ (J ,v k „„ h i,.x, 

As shown in Fig.41. the sync block 493 is followed by a demodulation data block 501 wh.ch conte.ns de- 
otooC a ion data about threshold voltages needed for demodu.a.ion of the modified mu 
This data is essential for demodulation of the multiple-bit QAM signal and may preferably be contained .in a 
region 502 which is a part of the sync block 493 for ease of retrieval. 

Fin 42 shows the assignmen. of signal data for transmission of burst form SKjnals through a TDMA method. 

Theass^ 

any two adjacent Dn data blocks 491.491 for interruption of the signal transm.ss.on. Also, each daU block 491 
"accompanied a. front end a sync region 522 thus forming a data block 492. Dunng the s.nc regjon 522 the 
Inal poL at a phase of <2n-1)rf4 are only transmitted. Accordingly, the earner wave reproducer will be 
Sle w«h thl 4 PSKreceiver. More specifically, the syncsigna. and earner waves can be reproduced through 

^ The c^wave reproduction o, the f.rst receiver 23 shown in Fig.19 wi,l be explained in more detail ref- 
erring to Figs.43 and 44. As shown in Fig.43. an input signal is fed through the input un,t 24 o a sync ^detector 
circuit 541 where it is sync detected. A demodulated signal from the sync detector 541 .s transferred to an output 
c£u ^ 2 to ration of the firs, data stream. A data of the phase sync signal assignment data region 
4 9 T Lown in F^ .41) is retreived with an extracting tim^ 

o (2n-l W4 data can be acknowtedged and transferred as a phase sync control pulse 561 shown ,„ F.g.44 to 
a «me reproduction controlling circuit 544. Also, the demodulated signal of the sync detctor circuit Ml is feo 
JtZZcy multiplier circuit 545 where H is 4x multiplied prior ,0 transmitted to the oSd^ 
Tolling circuU544. The resultant signal denoted by 562 in Fig.44 contains a true phase d ataSO «* ^otherda^ 
» •., in a lime chart 564 of Fig.44, me phase sync time slobs 452 carrying the (2n-1)rJ4 data are also 

2nS fd . e ^ ualtte^Is TZ M Lr reproducing filing circuit 544. the signa. 562 is sample dl by the 
Thase syn contro. pulse 561 to produce a phase sample signal 565 which is then converted throug e- 
hofd ac«on "a phase signal 566. The phase signal 566 of the carrier reproduction controll.ng circuit 544 is fed 
hold act.on to W*""*™ whefe ^relevant carrier wave is reproduced. The reproduced earner .s 

Z7L« To C^e^ 541. '» «■ — • *« *»* ^ dat3 °' Pha ^u e e n e°d te bv 
r .h ch^Id arias in Fiq 39 is recovered and utilized so that a correct carrier wave can be reproduced by 

2m6xC^ 
ofTei^ 

^ ^nsmission of a mod^ed 64 QAM signal such as shown in Fj£C . signal point. 

a-,* ^ m„ On 1 W4 ohase denoted by the hatching are assmged to the sync time slots aoz^o, 
ZZ£ ^SZ^Xif wim a common 4 PSK receive, bu^ua-j-M, me firs, rece.er 23 
«( 4 PSK mode Drovidedwith me carrier reproducing circuit of me embodiment. _ , iu 

The fo^oinT^rner reproducing circuit is of COSTAS type. A carrier reproducing crc.it of reverse modu- 

F,g.45 shows 1 1 reverse moo yv= ^ ^ ^ ^ a cemo d u lated 

* a fi.t delay Jrcui. 591 to a delay signal. T,e delay signa, is then 
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transferred to a quadrature phase modulator circuit 592 where it is reverse demodulated by the demodulated 
signal from the sync detector circuit 541 to a carrier signal. The carrier signal is fed through a carrier reproduc- 
tion controller circuit 544 to a phase comparator 593. A carrier wave produced by a VCO 547 is delayed by a 
second delay circuit 594 to a delay signal which is also fed to the phase comparator 593. At the phase com- 

s parator 594, the reverse demodualted carrier signal is compared in phase with the delay signal thus producing 
a phase difference signal. The phase difference signal is sent through a loop filter 546 to the VCO 547 which 
in bum produces a carrier wave arranged in phase with the received carrier wave, tn the same manner as of 
the COSTAS carrier reproducing circuit shown in Fig.43, an extracting timing controller circuit 543 performs 
sampling of signal points contained in the hatching areas of Fig.39. Accordingly, the carrier wave of a 16 or 54 

10 QAM signal can be reproduced with the 4 PSK demodulator of the first receiver 23. 

The reproduction of a carrier wave by 16x frequency multiplication wDI be explained. The transmitter 1 
shown in Fig.1 is arranged to modulate and transmit a modified 16 QAM signal with assignment of its signal 
points at nrc/8 phase as shown in Fig.46. At the first receiver 23 shown in Fig.19, the carrier wave can be re- 
produced with its COSTAS carrier reproduction controller circuit containing a 16x multiplier circuit 661 shown 

15 in Fig.48. The signal points at each n*/8 phase shown in Fig.46 are processed at the first quadrant by the action 
of the 16x multiplier circuit 661. whereby the carrier will be reproduced by the combination of a loop filter 546 
and a VCO 541. AJso, the absolute phase may be determined from 16 different phases by assigning a unique 
word to the sync region. 

The arrangement of the 16x multiplier circuit will be explained referring to Ftg.48. A sum signal and a drf- 
20 ference signal are produced from the demodulated signal by an adder circuit 662 and a subtracter circuit 663 
respectively and then, multiplied each other by a multiplier 664 to a cos 29 signal. Also, a multiplier665 produces 
a sin 29 signal. The two signals are then multiplied by a multiplier 666 to a sin 49 signal. 

Similarly, a sin 89 signal is produced from the two. sin 29 and cos 29. signals by the combination of an 
adder circuit 667, a subtracter circuit 668, and a multiplier 670. Furthermore, a sin 169 signal is produced by^ 
25 the combination of an adder circuit 671, a subtracter circuit 672, and a multiplier 673. Then, the 16x multipli- 
cation is completed. 

Through the foregoing 16x multiplication, the carrier wave of all the signal points of the modified 16 QAM 
signal shown in Fig.46 will successfully be reproduced without extracting particular signal points. 

However, reproduction of the carrier wave of the modified 64 QAM signal shown in Fig.47 can involve an 
30 increase in the error rate due to dislocation of some signal points from the sync areas 471. 

Two techniques are known for compensation for the consequences. One is inhibiting transmission of the 
signal points dislocated from the sync areas. This causes the total amount of transmitted data to be reduced 
but allows the arrangement to be facilitated. The other is providing the sync time slots as described in Fig.38. 
In more particular, the signal points in the rudB sync phase areas, e.g. 471 and 471a. are transmitted during 
05 the period of the corresponding sync time slots in the time slot group 451. This triggers an accurate synchroni- 
zing action during the period thus minimizing phase error. 

As now understood, the 16x multiplication allows the simple 4 PSK receiver to reproduce the carrier wave 
of a modified 16 or 64 QAM signal. Also, the insertion of the sync time slots causes the phasic accuracy to be 
increased during the reproduction of carrier waves from a modified 64 QAM signal. 
40 As set forth above, the signal transmission system of the present invention is capable of transmitting a 

plurality of data on a single carrier wave simultaneously in the multiple signal level arrangement. 

More specifically, three different level receivers which have discrete characteristics of signaJ intercepting 
sensitivity and demodulating capability are provided in relation to one single transmitter so that any one of them 
can be selected depending on a wanted data size to be demodulated which is proportional to the price. When 
45 the first receiver of low resolution quality and low price is acquired together with a small antenna, its owner can 
intercept and reproduce the first data stream of a transmission signal. When the second receiver of medium 
resolution quality and medium price is acquired together with a medium antenna, its owner can intercept and 
reproduce both the first and second data streams of the signal. When the third receiver of high resolution quality 
and high price is acquired with a large antenna, its owner can intercept and reproduce all the first, second, and 
so third data streams of the signal. 

If the first receiver is a home-use digital satellite broadcast receiver of low price, it will overwhelmingly be 
welcome by a majority of viewers. The second receiver accompanied with the medium antenna costs more and 
will be accepted by not common viewers but particular people who wants to enjoy HDTV services. The third 
receiver accompanied with me large antenna at least before the satellite output is increased, is not appropriated 
5$ for home use and will possibly be used in relevant Industries. For example, the third data stream carrying super 
HDTV signals is transmitted via a satellite to subscriber cinemas which can thus play video tapes rather than 
traditional movie films and run movie business at lower cosL 

When the present invention is applied to a TV signal transmission service, three different quality pictures 
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are carried on one single channel wave and will offer compatibility with each other. Although the first embodi- 
ZZSL to . 4 PSK. a modified 8 QAM. a modified 16 QAM. and a modified M . ^^'^ 
will also be employed with equal success including a 32 QAM. a 256 QAM. an 8PSK. a 16 PSK. a 32 PSK 
InaM. wo!,d be understood that the present invention is no. limited to a satellite Transm.ss.on system and 
will be applied to a terrestrial communications system or a cable transmission system. 



Embodiment 2 



A second embodiment of the present invention is featured in which the 
of the first embodiment is divided into small sub levels through e.g. dscnm.nat.on ,n error «rrecton capabn^ty 
thus loaning a logic multi-level construction. In the firs, embodiment, each multilevel channel "« drfferent 
Jvels in the^ectfc signa. amplitude or physics, demodu.adng capability. The "f^^^SS 
( eren..evel S in the logic reproduction capabilitysuch as error correCon For «»^*"^J^^^' b ? 
channel U dividedinto two. D,_, and D_,. components and D,., is more mcreased ,nta «^^* n "^ 
lity than D„ for discrimination. Accordingly, as the error detection and correction capabO-ty B Afferent between 
D, , and 0, ,.t demodulation. D,_, can successfully be reproduced within a given error rate when the C/N level 
of "an original transmitting signal is as low as disenabling the reproduction of D« This will be .mplemen.ed 

channel and discriminating distances between error correction codes by mccng error correction codes wrih pro- 
duct codes for varying error correction capability. Hence, a more multi-level s-gnal-can be transmuted. 

In fact, a D, channel is divided into two sub channels D w and D„ and a D 2 channel a dmded mto two 
sub channels D 2 „, and D M . ^ n ^] 

This will be explained in more detail referring to Fig.87 in which D_, is reproduced from a lowes. C/N s.g nal. 
If the C/N rate is d at minimum, three components D,.j, D 2 .,. and D M cannot be reproduced wh,.e D„ « re- 
produced. If C/N is no. less than c. D« can also be reproduced. Equally, when C/N is b. D 2 , « reproduced 
and when C/N is a. 0 M is reproduced. As the C/N rate increases, the reproducible signa. evels are ^increased 
in number. The .ower ih« C/N. the fewer the reproducible signa. levels. This w,l lb. exp.a,ne ,n tttetam o. 
relation between transmitting distance and reproducible C/N value refemng to Fig.86. In common the ON value 
of a received signal is decreased in proportion to the distance of transm.ss.on as expressed by the real hne 
861 in Fig.86. It is now assumed .ha. the distance from a transmitter antenna to .newer antenn mi La when 
C/N=a Lb when C/N=b. Lc when ON-C Ld when ON-d. and Le when C/N=e. If the d.stance from tine trans- 
mitter an.enna is greater than Ld. D,, can be reproduced as shown in Ffc.85 where tne recervable area 862 
is denoted by the hatching. In other words. 0„ can be reproduced within a most extended area S.mSariy. D* , 
can be reproduced in an area 863 when the distance is no. more than Lc. In this area 863 coning me area 
To2. D, , can wkh no doub. be reproduced. In a smaller area 854. D,., can be reproduced and .n a smallest 
area 865 0- . can be reproduced. As understood, the different data levels of a channel can be reproduced 
corresoonding to degrees of declination in the C/N rale. The logic multi-level arrangement of the signal trans- 
ZZ^otl present invention can provide the same ^ d ££? tranSm,SS '° n 

svstem in which the amount of receivable data is gradually lowered as the C/N rate decreases. 

The cTn Action of the logic multi-level arrangement will be described in which there are pmv.de two 

code J° l,na \ crr „ nmder a72a has a higher error correction capability than that of the sub ECC encoder 
873a H e nT X ^ - ON man D,, as apparent from tine CN-.eve. diagram 

transferred to the modulator 4. The other two signals 0,., and D,., of ^J^^^^^Z 
encoded by two. main and sub. ECC encoders 872b.873b of a ^^^^^SS^L^ 

, . „ ,„ m „rfl7Zh to a D,sianal which is transferred to the modulator 4. in- mam cuv, c 
?£ 7£X - - sub ECC encoder S73b. The modulator 4 in turn pre- 
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duces from the two, D, and D 2 , input signals a multi-level modulated signal which is further transmitted from 
trie transmitter unit 5. As understood, the output signal from the transmitter 1 has two physical levels D, and 
D 2 and also, four logic levels D,_ 1t D t _ 2 , D 2 . 1t and based on the two physical levels for providing different 
error correction capabilities. 

The reception of such a multi-level signal will be explained. Fig.88 is a block diagram of a second receiver 
33 which is almost identical in construction to that shown in Fig.21 and described in the first embodiment The 
second receiver 33 arranged for intercepting multi-level signals from the transmitter 1 shown in Fig. 87 further 
comprises a first 876a and a second ECC decoder 876b, in which the demodulation of QAM, or any of ASK, 
PSK. and FSK rf desired, is executed. 

As shown in Fig. 88, a received signal is demodulated by the demodulator 35 to the two, D, and D 2 , signals 
which are then fed to two dividers 3a and 3b respectively where they are divided into four logic levels D,_ t . 
Dt_2. D 2 -i. and D 2-2« The four signals are transferred to the first 876a and the second ECC decoder 876b in 
which D,., is error corrected by a main ECC decoder 877a. D,_ 2 by a sub ECC decoder 878a, D^t by a main 
ECC decoder 877b, and D 2 _ 2 by a sub ECC decoder 878b before all sent to the summer 37. At the summer 
37, the four, D^, Dt_ 2 , D 2 _ 1t and D^, error corrected signals are summed to a single signal which is then de- 
livered from the output unit 36. 

Since D,., and D 2 _, are higher in the error correction capability than D,_ 2 and D 2 . 2 respectively, the error 
rate remains less than a given value although C/N is fairly low as shown in Fig. 85 and thus, an original signal 
will be reproduced successfully. 

The action of discriminating the error correction capability between the main ECC decoders 877a,877b and 
the sub ECC decoders 878a,878b will now be described in mode detail. It is a good idea for having a difference 
in th e error correction capability to use in the sub ECC d ecoder a common coding lechnique, e.g. Reed-Solomon 
or BCH method, having a standard code distance and in the main ECC decoder, another encoding technique 
in which the distance between error correction codes is increased using Reed-Solomon codes, their product 
codes, or other long-length codes. A variety of known techniques for increasing the error correction code dis- 
tance have been introduced and will no more explained. The present invention can be associated with any 
known technique for having the logic multi-level arrangement 

The logic multilevel arrangement will be explained in conjunction with a diagram of Fig. 89 showing the 
relation between C/N and error rate after error correction. As shown, the straight line 881 represents D,_, at 
the C/N and error rate relation and the line 882 represents D,_ 2 at the same. 

As the C/N rate of an input signal decreases, the error rate increases after error correction. If C/N is lower 
than a given value, the error rate exceeds a reference value Eth determined by the system design standards 
and no original data will normally be reconstructed. When C/N is lowered to less than e, the D, signal fails to 
be reproduced as expressed by the line 881 of D,_, in Fig.89. When e£C/N<d, D,_, of the D t signal exhibits a 
higher error rate than Eth and will not be reproduced. 

When C/N is d at the point 885d, On having a higher error correction capability than D,_ 2 becomes not 
higher in the error rate than Eth and can be reproduced. At the time, the error rate of D,_ 2 remains higher than 
Eth after error correction and will no longer be reproduced. 

When C/N is increased up to c at the point 885c, O u7 becomes not higher in the error rate than Eth and 
can be reproduced. At the time. 0 2 _i and D 2 . 2 remain in no demodulation state. After the C/N rate is increased 
further to b'. the D 2 signal becomes ready to be demodulated. 

When C/N is increased to b at the point 885b. D 2 _t of the D 2 signal becomes not higher in the error rate 
than Eth and can be reproduced. At the time, the error rate of D 2 _ 2 remains higher than Eth and will not be re- 
produced. When C/Kf is increased up to a at the point B85a. D 2 . 2 becomes not higher than Eth and can be re- 
produced. - 

As described above, the fourdifferent signal logic levels divided from two, D, and Dj, physical levels through 
discrimination of the error correction capability between the levels, can be transmitted simultaneously. 

Using the logic multi-level arrangement of the present invention in accompany with a multi-level construc- 
tion in which at least a part of the original signal is reproduced even rf data in a higher level is lost, digital signal 
transmission will successfully be executed without losing the advantageous effect of an analog signal trans- 
mission in which transmitting data is gradually decreased as the C/N rate becomes low. 

Thanking to up-to-date image data compression techniques, compressed image data can be transmitted 
in the logic multi-level arrangement for enabling a receiver station to reproduce a higher quality image than 
that of an analog system and also, with not sharply but at steps declining the signal level for ensuring signal 
interception in a wider area. The present invention can provide an extra effect of the multi-layer arrangement 
which is hardly implemented by a known digital signal transmission system without deteriorating high quality 
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image data. 
Embodiment 3 



A third embodiment of the present invention will be described referring to the relevant drawings. 

Fw.29 is a schematic total view illustrating the third embodiment in the form of a digital TV broadcasbng 
system An input video signal 402 of super high resolution TV image is fed to an input unit 403 of a first video 
encoder 401. then, the signal is divided by a divider circuit 404 into three, first, second, and third, data streams - 
which are transmitted to a compressing circuit 405 for data compression before further deltvered. 

Equally other three input video signals 406. 407. and 408 are fed to a second 409. a third 410. and a fourth 
video encoder 411 respectively which all are arranged identical in construction to the first video encoder 401 

for data compression. ' 

The four first data streams from theirrespeciive encoders 401.409.410.41 1 are transferred to a first mul- 
tiplexer 413 of a multiplexer 412 where they are time multiplexed by TDM process to a first data stream multiplex 
signal which is fed to a transmitter 1. 

A part or all of the four second data streams from their respective encoders401.409.410.411 are transferred 
to a second multiplexer 414 of the multiplexer 412 where they are time multiplexed to a second data stream 
multiplex signal which is then fed to the transmitter 1. Also, a partorall the fourthird data streams are fransferred 
to a third multiplexer 415 where they are time multiplexed to a third data stream multiplex signal which is then 

fed to the transmitter 1. u. 

The transmitter 1 performs modulation of the three data stream signals w.th its modulator 4 by the same 
manner as described in the first embodiment. The modulated signals are sent from a transmitter unit 5 through 
an antenna 6 and an uplink 7 to a transponder 12 of a satellite 10 which in turn transmits it to three drfferent 
receivers including a first receiver 23. 

The modulated signal transmitted through a downlink 21 is intercepted by a small antenna 22 having a 
radius r, and fed to a first data stream reproducing unit 232 of the first receiver 23 where its first data stream 
only is demodulated. The demodulated first data stream is then converted by a first video decoder 421 to a 
traditional 425 or wide-picture NTSC or video output signal 428 of low image resolution. 

Also the modulated signal transmitted through a downlink 31 is intercepted by a medium antenna 32 having 
a radius r, and fed to a first 232 and a second data stream reproducing unit 233 of a second receiver 33 where 
its first and second data streams are demodulated respectively. The demodulated first and second data streams 
are then summed and converted by a second video decoder 422 to an HDTV or video output signal 427 of high 
image resolution and/or to the video output signals 425 and 426. 

Also the modulated signal transmitted through a downlink 41 is intercepted by a large antenna 42 having 
a radius r3 and fed to a first 232. a second 233. and a third data stream reproducing unit 234 of a third receiver 
43 where its first, second, and third data streams are demodulated respectively. The demodulated first second, 
and third data streams are then summed and converted by a third video decoder 423 to a super HDTV or video 
output signal 428 of super high resolution for use in a video theater or cinema. The video output signals 425 
426 and 427 can also be reproduced if desired. A common digital TV signal is transmitted from a convenbona 
digital transmitter 51 and when intercepted by the first receiver 23. will be converted to the video output signal 
426 such as a low resolution NTSC TV signal. ,_ ,„ 

The firsl video encoder 401 will now be explained in more detail referring to the block diagram , erf Tig.30. 
An input video signal of super high resolution is fed through the input unit 403 to the dMder otcuit 404 where 
it is divided into four components by sub-band coding process. In more particular, the ,nput video ""P* 
rated through passing a horizontal lowpass filter 451 and a horizontal highpass filter 452 of e.g. QMF mode to 
^o low and htfu hoLnta. frequency components which are then subsamp.ed to a harf 
W,o subsamplers 453 and 454 respectively. The low horizontal component is filtered by a vertical lowpass filter 
S and EEL hkjhpass filter 456 to a low horizontal low vertca, component or H^ signal and a ow horv 
zontalh^hverUcalcompon^ 

pled to a haif by two subsampler 457 and 458 respectively and transferred to the compressmg onru rt 40 5. 
' The high horizontal component is filtered by a vertica. lowpass filter 459 and '^^^^ 
to a high horizontal low vertical component or H H V t signal and a high honzontal high ° 
H„V M signal respectively. The two. H K V, and H„V M . signals are then subsampled to a half by two subsampler 
461 and 462 respectively and transferred to the compressing circu.t 405. 

H L V L signal is preferably DCT compressed by a first compressor 471 of the compressmg crcuit 405 and 
transmitted from a first output 405 as the first data stream. . H V sicnal 

A!so. H t V H signal is compressed by a second compressor 473 and fed to a second output 45^ H„V, signa 
is compressed by a third compressor 463 and fed to the second output 464. HmVh signal is divided by adrvider 
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465 into two, high resolution (H M V M 1) and super high resolution (HmV^). video signals which are then trans- 
ferred to the second output 464 and a third output 463 respectively. 

The first video decoder 421 will now be explained in more detail referring to Fig. 31. The first data stream 
or D, signal of the first receiver 23 is fed through an input unit 501 to a descrambler 502 of the first video decoder 

5 421 where H is descrambled. The descrambled D t signal is expanded by an expander 503 to H L V L which is 
then fed to an aspect ratio changing circuit 504. Thus. H L V L signal can be delivered through an output unit 505 
as a standard 500, letterbox format 507, wide-screen 508, or sidepanel format NTSC signal 509. The scanning 
format may be of non-interlace or interlace type and its NTSC mode lines may be 525 or doubled to 1050 by 
double tracing. When the received signal from the digital transmitter 51 is a digital TV signal of 4 PSK mode, 

io it can also be converted by the first receiver 23 and the first video decoder 421 to a "TV picture. The second 
video decoder 422 will be explained in more detail referring to the block diagram of Fig .32. The Dj signal of 
the second receiver 33 is fed through a first input 521 to a first expander 522 for data expansion and then, trans- 
ferred to an oversampler 523 where it is sampled at 2x. The oversampled signal is filtered by a vertical lowpass 
filter 524 to H L V L . Also, the D 2 signal of the second receiver 33 is fed through a second input 530 to a divider 

is 531 where it is divided into three components which are then transferred to a second 532, a third 533, and a 
fourth expander 534 respectively for data expansion. The three expanded components are sampled at 2x by 
three oversamplers 535,536,537 and filtered by a vertical highpass 538. a vertical lowpass 539, and a vertical 
highpass filter 540 respectively. Then, H,y L from the vertical lowpass filter 524 and H L V M from the vertical high- 
pass filter 538 are summed by an adder 525, sampled by an oversampler 541 . and filtered by horizontal lowpass 

20 filter 542 to a low frequency horizontal video signal. H M V L from the vertical lowpass filter 539 and H H V H 1 frcm 
the vertical highpass filter 540 are summed by an adder 526, sampled by an oversampler 544, and filtered by 
horizontal highpass filter 545 to a high frequency horizontal video signal. The two, high and low frequency, hori- 
zontal video signal are then summed by an adder 543 to a high resolution video signal HD which is further trans- 
mitted through an output unit 546 as a video output 547 of e.g. HDTV format If desired, a traditional NTSC 

25 video output can be reconstructed with equal success. 

Fig.33 is a block diagram of the third video decoder 423 in which the D, and D 2 signals are fed through a 
first 521 and a second input 530 respectively to a high frequency band video decoder circuit 527 where they 
are converted to an HD signal by the same manner as above described. The D 3 signal is fed through a third 
input 551 to a super high frequency band video decoder circuit 552 where it is* expanded, descrambled, and 

30 composed to H H V„2 signal. The HD signal of the high frequency band video decoder circuit 527 and the HhV^ 
signal of the super high frequency band video decoder circuit 552 are summed by a summer 553 to a super 
high resolution TV or S-HD signal which is then delivered through an output unit 554 as a super resolution video 
output 555. 

The action of multiplexing in the multiplexer 412 shown in Fig .29 will be explained in more detail. Fig. 3^ 
as illusirates a data assignment in which the three, first, second, and third, data streams D,,D 2 ,D 3 contain in a 
period of T six NTSC channel data L1,LZL3,L4,L5.L6. six HDTV channel data M1,M2.M3,M4,M5,M6 and six 
S-HDTV channel data H1,H2,H3,H4,H5.H6 respectively. In action, the NTSC or D, signal data L1 to L6 are 
time multiplexed by TDM process during the period T. More particularly. H L V L of D, is assigned to a domain 
601 for the first channel. Then; a difference data M1 between HDTV and NTSC or a sum of H L V M , H„V L , and 
M3 H H V„1 is assigned to a domain 602 for the first channel. Also, a difference data H1 between HDTV and super 
HDTV or H M V H 2 (See Fig.30) is assigned to a domain 603 for the first channel. 

The selection of the first channel TV signal will now be described. When intercepted by the first receiver 
23 with a small antenna coupled to the first video decoder 21, the first channel signal is converted to a standard 
orwidescreen NTSC TV signal as shown in Fig,31. When intercepted by the second receiver 33 with a medium 
45 antenna coupled to the second video decoder 422, the signal is converted by summing L1 of the first data stream 
D, assigned to the domain 601 and M1 of the second data stream D^ assigned to the domain 602 to an HDTV 
signal of the first channel equivalent in program to the NTSC signal. 

When intercepted by the third receiver 43 with a large antenna coupled to the third video decoder 423, the 
signal is converted by summing L1 of D, assigned to the domain 601. M1 of D 2 assigned to the domain 602. 
50 and H1 of D 3 assigned to the domain 603 to a super HDTV signal of the first channel equivalent in program to 
the NTSC signal. The other channel signals can be reproduced in an equal manner. 

Fig.35 shows another data assignment in which LI of a first channel NTSC signal is assigned to a first do- 
main 601. The domain 601 which is allocated at the front end of the first data stream D,, also contains at front 
a data S 1 1 including a descrambling data and the demodulation data described in the first embodiment A first 
55 channel HDTV signal is transmitted as L1 and W1. M1 which is thus a difference data between NTSC and HDTV 
is assigned to two domains 602 and 61 1 of D 2 . If L1 is a compressed NTSC component of 6 Mbps. M1 is as 
two times higher as 12 Mbps. Hence, the total of L1 and M1 can be demodulated at 18 Mbps wKh the second 
receiver 33 and the second video decoder 423. According to current data compression techniques. HDTV com- 
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able simultaneous reproducuono an NTSC and I an HDTV .« g ^ 

no second channel HDTV signal to be "rnedJKI ,s ' J^JJJ ""J ^ J a$si 9 ed l0 three domains 

^p^sion^e^nUse^ 

, . wfsc o»™». s .d ™-» b « Mbw.»b »*••»•» ■• ™*"™ ! "** " 54 Mtl " " °" 

Ace,***. HOW tf NgMf pfc»t ^ lnJ po , ato0 „„ „„„ 

^ =» « - ■ ^rs 

can reproduce the HDTV signal through summ.ng L1 and M1. More speerTicauy. 

with a compatible polarization antenna. In this respect. tt.e second ™" ( ^, P AccofdIn9 £ , h e third 

are allocated at equal intervals »«»• o( ^ coofdin ate. It is now assumed 

The ^^'^^XS^^Z* P-W 83a of 16 QAM is shift* to 3 signal 

0<n<3. 

The other signal points Wa and 86a are a.so shifted to *o coin* 84 and 86 respectively. 
If the error rate of the first data stream is Pe„ A » obta.ned from. 

p C i- l «=-r^ erfc( 7fr )+erfc ( vi7 

= crfc (t^L-)-. 

Also, the error rate Pe 2 of the second data stream is obtained from: 
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PC2-16= — ~ crfc ( -^H - ) 

The error rate of 36 or 32 SRQAM wfll be calculated. Fig.100 is a vector diagram of a 36 SRQAM signal 
in which the distance between any two 36 QAM signal points is 25. 

The signal point 83a of 36 QAM is spaced 5 from each axis of the coordinate. It *ts now assumed that n is 
a shift value of the 16 SRQAM. In 36 SRQAM. the signal point 83a is shifted to a signal point 83 where the 
distance from each axis is n5. Similarly, the nine 36 QAM signal points in the first quadrant are shifted to points 
83.84.85.86, 97.98,99.100.101 respectively. If a signal point group 90 comprising the nine signaj points is re- 
garded as a single signal point, the error rate Pe 1 in reproduction of only the first data stream D, with a modified 
4 PSK receiver and the error rate Pe 2 in reproduction of the second data stream D 2 after discriminating the 
nine signal points of the group 90 from each other, are obtained respectively from; 



Pe)-32 = J— crfc ( , 



= -2- crfc x "===- ) . 

- , 5-n S . " v 

Pe2-32=-£- crfc ( jJ — — ) 
3 4Y 2 P 

= _JL. crfc' X 7=5===- > 

Fig.101 shows the relation between error rate Pe and C/N rate in transmission in which the curve 900 rep- 
resents a conventional or not modified 32 QAM signal. The straight line 905 represents a signal having 10-' J 
of the error rate. The curve 901a represents a 0, level 32 SRQAM signal of the present invention at the shift 
rate n of 1.5. As shown, the C/N rate of the 32 SRQAM signal is 5 dB lower at the error rate of ICr*- 5 than Chat 
of the conventional 32 QAM. This means that the present invention allows a O, signal to be reproduced at a 
given error rate when its C/N rate is relatively low. 

The curve 902a represents a D 2 level SRQAM signal at n=1.5 which can be reproduced at the error rate 
of 10- 1 - 5 only when its C/N rate is 2.5 d3 higher than that of the conventional 32 QAM of the curve 900. Also, 
the curves 901b and 902b represent D, and D 2 SRQAM signals at n=2.0 respectively. The curve 902c repre- 
sents a D 2 SRQAM signal at n=2.5. It is apparent that the C/N rate of the SRQAM signal at the error rate of 
10- 1 - 5 is 5d8, 8d8, and 10dB higher at n=1.5, 2.0. and 2.5 respectively in the 0, level and 2.5d3 lower in the 
D 2 level than that of a common 32 QAM signal. 

Shown in Fig. 103 is the C/N rate of the first and second data streams D lt D 2 of a 32 SRQAM signal which 
is needed for maintaining a constant error rate against variation of the shift n. As apparent, when the shift n is 
more than 0.8, there is developed a clear difference between two C/N rates of their respective D t and D 2 levels 
so that the multi-level signal, namely first and second data, transmission can be implemented successfully. In 
brief. n>0.85 is essential for multi-level data transmission of the 32 SRQAM signal of the present invention. 

Fig. 102 shows the relation between the C/N rate and the error rate for 16 SRQAM signals. The curve 900 
represents a common 16 QAM signal. The curves 901 a.901b.901c are D, level or first data stream 16 SRQAM 
signals at n=U2. 1.5, and 1.8 respectively. The curves 902a, 902b,902c are D 2 level or second data stream 16 
SRQAM signals at n=1.2. 1.5. and 1.8 respectively. 

The C/N rate of the first and second data streams D 1( D 2 of a 15 SRQAM signaJ is shown in Fig.lCW, which 
is needed for maintaining a constant error rate against variation of the shift n. As apparent, when the shift n is 
more than 0.9 (n>0.9), the muIlMeve4 data transmission of the 16 SRQAM signal will be executed. 

One example of propagation of SRQAM signals of the present invention will now be described for use with 
a digital TV terrestrial broadcast service. Fig.105 shows the relation between the signal level and the distance 
between a transmitter antenna and a receiver antenna in the terrestrial broadcast service. The curve 91 1 rep- 
resents a transmitted signal from the transmitter antenna of 1250 feet high. It is assumed that the error rate ■ 
essential for reproduction of an applicable digital TV signal is 10-'- 5 . The hatching area 912 represents a noise 
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interruption. The point 910 represents a signal reception limit of a conventional 32 QAM signal at C/N.-15 dB 
where the distance I is 60 miles and a digital HDTV signal can be intercepted at minimum. If a change in the 
relevant condition, e.g. weather, attenuates the C/N rate, the interception of an HDTV signal wll hardly be en- 
sured Also geographical conditions largely affect the propagation of signals and a decrease of about 10 dB 
at least will be unavoidable. Hence, successful signal interception within 60 miles will never be guaranteed and 
above all. a digital signal will be propagated harder than an analog signal. It would be understood that the ser- 
vice area of a conventional digital TV broadcast service is less dependable. 

As described previously, the 32 SRQAM signal of the present invention permits a medium resolution TV 
data of e g NTSC system to be carried on the first data stream D, and a high frequency component of HDTV 
data to be carried on the second data stream D,. Accordingly, the service area of the first data stream of the 
SRQAM signal is increased to a 70 mile point 91 0a while of the second data stream remains within a 55 mile 
point 910b. as shown in Fig.105. Fig.106 illustrates the service area of the 32 SRQAM signal of the present 
invention, which is similar to Fig.53 but explains in more detail. As shown, the regions 708.703a.703b.712 rep- 
resent a conventional 32 QAM receivable area, a first data level D, receivable area, a second data level D 2 
receivable area, and a service area of a neighbor analog TV station respectively. 

For common 32 QAM signal, the 60-mile-radius service area can be established theoretically. The signal 
level will however be attenuated by geographical or weather conditions and particularly, considerably declined 
at near the limit of the service area. • j- <„. 

The service area of the 32 SRQAM signal of the present invention is increased by 10 miles in radius for 
reception of the first level D, or medium frequency TV data of NTSC system although decreased by 5 miles 
for reception of the second level D, or high frequency TV data of HDTV system, as shown in F.^106. 

More particularly, the medium resolution component of a digital TV broadcast signal of the SRQAM mode 
of the present invention can successfully be intercepted in an unfavorable service region or shadow area where 
a conventional medium frequency band TV signal is hardly propagated and attenuated due to obstades. Within 
at least the predetermined service area, the NTSC TV signal of the SRQAM mode can be intercepted by any 
traditional TV receiver. As the shadow or signal attenuating area developed by building structures and other 
obstacles or by interference of a neighbor analog TV signal or produced in a low land is decreased to a minimum. 
TV viewers or subscribers will be increased in number. „ ^ ' . , u „ h 

Also the HDTV service can be appreciated by only a few viewers who afford to have a set of high cost 
HDTV receiver and display, according to the conventional system. The system of the present invention allows 
a traditional NTSC PAL. or SECAM receiver to intercept a medium resolution component of the digital HDTV 
signal with the use of an additional digital tuner. A majority of TV viewers can hence enjoy the service at less • 
cos: and will be increased in number. This will encourage the TV broadcast business and create an extra social 

Furthermore the signal receivable area for medium resolution or NTSC TV service according to the present 
invention is increased about 36% at n=2.5. as compared with the conventional system. As the service area 
thus the number of TV viewers is increased, the TV broadcast business enjoys an increasing profit Th.s reduces 
a risk in the development of a new digital TV business which will thus be encouraged to put into practice. 

Fiq 107 shows the service area of a 32 SRQAM signal of the present invention in wh,ch the same ef.cct 
will be ensured at n=1.8. Two service areas 703a.703b of D, and D, signals rupee** can ^e'ermined 
in extension for optimum signal propagation by varying the shift n cons,denng a profile of HDTV and NTSC 
receiver distribution or geographical features. Accordingly. TV viewers will satisfy the service and a supplier 
station will enjoy a maximum of viewers. 

This advantage is given when: 

n>1.0 

Hence, tf the 32 SRQAM signal is selected, the shirt n is determined by: 

1<n<5 

AJso if the 16 SRQAM signal is employed, n is determined by: 

1<n<3 

In the SRQAM mode signal terrestrial broadcast service in which the first and second data levels are 
created by JhrnJ^corresponding signal points as shown in Figs.99 and 100. the advantage of the present ,n- 
vention will be given when the shirt n in a 16, 32. or 64 SRQAM signal is more than 1.0. 



Embodiment 4 - 

A four* embodiment of the present invention will be described referring to the relevant 
Fic 37 illustrates the entire arrangement of a signal transmission system of the fourth embod.ment which 
is J2^J2SS1 service and similar in bom construction and action to mat of me third embod.men. 
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shown in Fig.29. The difference is thai the transmitter antenna 6 is replaced with a terrestrial antenna 6a and 
the receiver antennas 22.32,42 are replaced with also three terrestrial antennas 22a.32a.42a. The action of 
the system is identical to that of the third embodiment and will no more be explained. The terrestrial broadcast 
service unlike a satellite service depends much on the distance between the transmitter antenna 6a to the re- 
5 ceiver antenna 22a.32a.42a. If a receiver is located far from the transmitter, the level of a received signal Is 
low. Particularly, a common multi-level QAM signal can hardly be demodulated by the receiver which thus re- 
produces no TV program. 

The signal transmission system of the present invention allows the first receiver 23 equipped with the anten- 
na 22a. which is located at a far distance as shown in Fig.37. to intercept a modified 16 or 64 QAM signaJ and 
w demodulate at 4 PSK mode the first data stream or D t component of the received signal to an NTSC video 
signal so that a TV program picture of medium resolution can be displayed even if the level of the received 
signal is relatively low. 

Also, the second receiver 33 with the antenna 32a is located at a medium distance from the antenna 6a 
and can thus intercept and demodulate both the first and second data streams or D, and D 2 components of 
15 the modified 16 or 64 QAM signal to an HDTV video signaJ which in turn produces an HDTV program picture. 

The third receiver 43 with the antenna 42a is located at a near distance and can intercept and demodulate 
the first, second, and third data streams or D,, D 2 . and D 3 components of the modified 16 or 64 QAM signal to 
a super HDTV video signal which in turn produces a super HDTV picture equal in quality to a common movie 
picture. 

20 The assignment of frequencies is determined by the same manner as of the time division multiplexing 

shown in Figs.34. 35, and 36. Like Fig.34, when the frequencies are assigned to first to sixth channels, L1 of 
the D, component carries an NTSC data of the first channel. M1 of the D 2 component carries an HDTV difference 
data of the first channel, and H1 of the D 3 component carries a super HDTV difference data of the first channel. 
Accordingly. NTSC* HDTV, and super HDTV data all can be carried on the same channel. If D 2 and D 3 of the 

25 other channels are utilized as shown in Figs.35 and 36,.more data of HDTV and super HDTV respectively can 
be transmitted for higher resolution display. 

As understood, the system allows three different but compatible digital TV signals to be carried on a single 
channel or using D 2 and D 3 regions of the other channels. Also, the medium resolution TV picture data of each 
channel can be intercepted in a wider service area according to the present invention. 

30 A variety of terrestrial digital TV broadcast systems employing a 1 6 QAM HDTV signal of 6 MHz bandwidth 

have been proposed. Those are however not compatible with the existing NTSC system and thus, have to be 
associated with a simulcast technique for transmitting NTSC signals of the same program on another channel. 
AJso. such a common 1 6 QAM signal limits a service area. The terrestrial service system of the present invention 
allows a receiver located at a relatively far distance to intercept successfully a me'dium resolution TV signal 

A5 with no use of an additional device nor an extra channel. 

Fig. 52 shows an interference region of the service area 702 of a conventional terrestrial digital HDTV broad- 
cast station 701 . As shown, the service area 702 of the conventional HDTV station 701 is intersected with the 
service area 712 of a neighbor analog TV station 71 1. At the intersecting region 713, an HDTV signal is at- 
tenuated by signal interference from the analog TV station 711 and will thus be intercepted with less consis- 

-to tency. 

Fig.53 shows an interference region associated with the multi-level signal transmission system of the pre- 
sent invention. The system is low in the energy utilization as compared with a conventional system and its ser- 
vice area 703 for HDTV signal propagation is smaller than the area 702 of the conventional system. In contrary, 
the service area 704 for digital NTS Cor medium resolution TV signal propagation is larger than the conventional 
45 area 702. The level of signal interference from a digital TV station 701 of the system to a neighbor analog TV 
station 71 1 is equivalent to that from a conventional digital TV station, such as shown in Fig.52. 

In the service area of the digital TV station 701, there are three interference regions developed by signal 
interference from the analog TV station 71 1. Both HDTV and NTSC signals can hardly be intercepted in the 
first region 705. Although fairly interfered, an NTSC signal may be intercepted at en equal level in the second 
50 region 706 denoted by the left down hatching. The NTSC signal is carried on the first data stream which can 
be reproduced at a relatively low C/N rate and will thus be minimum affected when the C/N rate is dedined by 
signal interference from the analog TV station 711. 

At the third region 707 denoted by the right down hatching, an HDTV signal can also be intercepted when 
signal interference is absent while the NTSC signal can constantly be intercepted at a level. 
55 Accordingly, the overall signal receivable area of the system will be increased although the service area 

of HDTV signals becomes a bit smaller than that of the conventional system. AJso. at the signal attenuating 
regions produced by interference from a neighbor analog TV station, NTSC level signals of an HDTV program 
can successfully be intercepted as compared with the conventional system where no HDTV program is viewed 
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Embodiment 5 



A fifth embodiment of the present invention resides in amplitude modulation or ASK procedure. Fig.57 il- 
lustrates the assignment of signal points of a <Weve1 ASK signal according to the fifth embodiment, in which 
four signal points are denoted by 721. 722. 723. and 724. The four-Jevel transmission permits a 2-bit data to 
be transmitted in every cycle period. It is assumed that the four signal points 721 ,722.723,734 represent two-bit 
patterns 00,01 ,10, 1 1 respectively. 

For ease of four-level signal transmission of the embodiment, the two signal points 721.722 are designated 
as a first signal point group 725 and the other two 723.724 are designated as a second signal point group 726. 
The distance between the two signal point groups 725 and 726 is then determined wider than that between 
any two adjacent signal points. More specifically, the distance Lo between the two signals 722 and 723 is ar- 
ranged wider than the distance L between the two adjacent points 721 and 722 or 723 and 724. This is exp- 
ressed as: 

Lo>L . 

Hence, the multi-level signal transmission system of the embodiment is based on Lo>l_ The embodiment is 
however not limited to LoL and L=Lo will be employed temporarily or permanently depending on the require- 
ments of design, condition, and setting. 

The two signal point groups are assigned one-bit patterns of the first data stream D 1t as shown in Fig.59-a. 
More particularly, a bit 0 of binary system is assigned to the first signal point group 725 and another bit 1 to 
the second signal point group 726. Then, a one-bit pattern of the second data stream D 2 is assigned to each 
s.gnal po.nt For example, the two signal points 721.723 are assigned D 2 =0 and the other two signal points 722 
and 724 are assigned D 2 =1. Those are thus expressed by two bits per symbol. 

The multilevel signal transmission of the present invention can be implemented in an ASK mode with the 
use of the foregoing signal point assignment The system of the present invention works in the same manner 
as of a conventional equal signal point distance technique when the signal to noise ratio or ON rate is high If 
the C/N rate becomes low and no data can be reproduced by the conventional technique, the present system 
ensures reproduction of the first data stream D, but not the second data stream D 2 . In more detail, the stat- at 
a low C/N .s shown in Fig.60. The signal points transmitted are displaced by a Gaussian distribution to ranges 
712a.722a.723a.724a respectively at the receiver side due to noise and transmission distortion. Therefore the 
d.siinctwn between the two signals 721 and 722 or 723 and 724 will hardly be executed. In other words' the 
error rate .n the second data stream D 2 will be increased. As apparent from Fig.60. the two signal points 721 722 
are easily distinguished from the other two signal points 723.724. The distinction between the two signal point 
groups 725 and 726 can thus be carried out with ease. As the result, the first data stream D, will be reproduced 
at a lower error rate. 

Accordingly, the two different level data D, and D 2 can be transmitted simultaneously. More particularly 
both the first and second data streams D, and D 2 of a given signal transmitted through the multi-level trans^ 
mission system can be reproduced at the area where the C/N rate is high and the first data stream D, only can 
be reproduced in the area where the C/N rate is low. 

Fig.61 is a block diagram of a transmitter 74 1 in which an input unit 742 comprises a first data stream input 
743 and a second data stream input 744. A carrier wave from a carrier generator 64 is amplitude modulated 
by a mulhpljer 746 using an input signal fed across a processor 745 from the input unit 743. The modulated 
signal c then band limited by a filter 747 to an ASK signal of e.g. VS3 mode which is then delivered from an 
output unit 748. 

The waveform of the ASK signal after filtering will now be examined. Fig.62-a shows a frequency spectrum 
of the ASK modulated signal in which two sidebands are provided on both sides of the earner frequency band. 
One of the two sidebands is eliminated with the filter 474 to produce a signal 749 which contains a carrier com- 
ponent as shown in Fig.62-b. The signal 749 is a VSB signal and if the modulation frequency band is fo. will 
be transmitted in a frequency band of about fo/2. Hence, the frequency utilization becomes high. Using VSB 
mode transmission, the ASK signal of two bit per symbol shown in Fig.60 can thus carry in the frequency band 
an amount of data equal to that of 16 QAM mode at four bits per symbol. 

Fig.63 is a block diagram of a receiver 751 in which an input signal intercepted by a terrestrial antenna 
32a is transferred through an input unit 752 to a mixer 753 where it is mixed with a signal from a variable oscil- 
lator 754 controlled by channel selection to a lower medium frequency signal, the signal from the mixer 753 
is then detected by a detector 755 and filtered by an LPF 756 to a baseband signal which is transferred to a 
discriminating/reproduction circuit 757. The discrimin a tion/re production circuit 757 reproduces two. first D t and 
second 0 2 , data streams from the baseband signal and transmit them further through a first 758 and a second 
data stream output 759 respectively. 

The transmission of a TV signal using such a transmitter and a receiver will be explained. Fig.64 is a block 
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system is transferred to a modulator 35 where two data streams D, and D 3 are reproduced from the signal. D, 
and D 2 are sent through a divider 788 to a second video decoder 422 where they are converted to a video signal 
which is then delivered from an output unit 780. Also, a digital or analog terrestrial TV signal intercepted by a 
terrestrial antenna 32a is fed through an input unit 752 to the mixer 753 where one desired channel is selected 
by the same manner as described in Fig.63 and detected to a low frequency baseband signal. The signal of 
analog form is sent directly to the demodulator 35 for demodulation. The signal of digital form is then fed to a 
discrimination/ reproducing circuit 757 where two data streams D, and D 2 are reproduced from the signal. D, 
and D 2 are converted by the second video decoder 422 to a video signal which is then delivered further. A sate^ 
lite analog TV signal is transferred to a video demodulator 788 where it is AM demodulated to an analog video 
signal which is then delivered from the output unit 780. As understood, the mixer 753 of the TV receiver 781 
shown in Fig.67 is arranged compatible between two. satellite and terrestrial, broadcast services. Also, a re- 
ceiver circuit including a detector 755 and an LPF 756 for AW demodulation of an analog signal can be utilized 
compatible with a digital ASK signal of the terrestrial TV service. The major part of the arrangement shown in 
Fig.67 is arranged for compatible use, thus minimizing a circuitry construction. 

According to the embodiment, a 4-Ievel ASK signal is divided into two, D, and D 2 . level components for 
execution of the one-bit mode multi-level signal transmission, rf an ft-level ASK signal is used as shown in 
Fig. 68. it can be transmitted in a one-bit mode three-level. D,. D 2 , and D 3 , arrangement As shown in Fig. 68. 
D, is assigned to eight signal points 721a.721b,722a.722b/723a,723b,724a.724b. each pair representing a 
two-bit partem. D 2 is assigned to four small signal point groups 721 .722.723.724, each two groups representing 
a two-bit pattern, and D 3 is assigned to two large signal point groups 725 and 726 representing a two-bit pattern. 
More particularly, this is equivalent to a form in which each of the four signal points 721,722.723.724 shown 
in Fig.57 is divided into two components thus producing three different level data. 

The three-level signal transmission is identical to that described in the third embodiment and will no further 
be explained in detail. 

In particular, the arrangement of the video encoder 401 of the third embodiment shown in Fig.30 is replaced 
with a modification of which block diagram is Fig. 69. The operation of the modified arrangement is similar and 
will no longer be explained in detail. Two video signal divider circuits 404 and 404a which may be sub-band 
filters are provided forming a divider unit 794. The divider unit 794 may also be arranged more simple as shown 
in the block diagram of Fig.70. in which a signal passes across one single divider circuit two times at time division 
mode. Mode specifically, a video signal of e.g. HDTV or super HDTV from the input unit 403 is time-base com- 
pressed by a time-base compressor 795 and fed to the divider circuit 404 where it is divided into four compo- 
nents. H H V„-H, H H V L -H, and H L V„-H, and H^-H at a first cycle. At the time, four switches 765,765a,765b.765c 
remain turned to the position 1 so that H„Vk-H. H„V L -H. and HV^H are transmitted to a compressing circuit 
405. Meanwhile. H L V L -H is fed back through the terminal 1 of the switch 765c to the time-base compressor 795. 
At a second cyde, the four switches 765,765a.765b,765c are turned to the position 2 and all the four compo- 
nents of the divider circuit 404 are simultaneously transferred to the compressing circuit 405. Accordingly, the 
divider unit 794 of Fig.70 arranged for time division processing of an input signal can be constructed in a simpler 
dividing circuit form. 

At the receiver side, such a video decoder as described in the third embodiment and shown in Fig.30 is 
needed for three-level transmission of a video signal. More particulary. a third video decoder 423 b provided 
which contains two mixers 556 and 556a of drfferent processing capability as shown in the block diagram of 
Fig.71. . 

Also, the third video decoder 423 may be modified in which the same action is executed with one single 
mixer 556 as shown in Fig.72. At the first timing, five switches 765,765a.765b,765c,765d remain turned to the 
position 1. Hence, H t V L , H L V Hf H H V L , and H M V„ are fed from a first 522. a second 522a. a third 522b and a 
fourth expander 522c to through their respective switches to the mixer 556 where they are mixed to a single 
video signal. The video signal which represents H C V L -H of an input high resolution video signal is then fed back 
through the terminal 1 of the switch 765d to the terminal 2 of the switch 765c. At the second timing, the four 
switches 765,765a.765b.765c are turned to the position 2. Thus. H m Vh-H. H„V L -H. H l Vk-H, and H L V L -H are 
transferred to the mixer 556 where they are mixed to a single video signal which is then sent across the terminal 
2 of the switch 765d to the output unit 554 for further delivery. 

In this manner of time division processing of a three-level signal, two mixers can be replaced with one mixer. 

More particularly, four components H L V L .H L V M ,H H V L . H H V M are fed to produce H L V L -H at the first timing. 
Then. H L Vn-H. H H V L -H. and H H V„-H are fed at the second timing delayed from the first timing and mixed with 
H L V L -L to a target video signal. It is thus essential to perform the two actions at an interval of time. 

If the four components are. overlapped each other or supplied in a variable sequence, they have to be ti- 
me-base adjusted to a given sequence through using memories accompanied with their respective switches 
765,765a.775b,765c. In the foregoing manner, a signal are transmitted from the transmitter at two different tim- 
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ing periods as shown in Fig.73so that no Ume-base controlling circuit is needed in the receiver which is thus 
arranged more compact „ v 

As shown in Fig.73. 0, is the first data stream of a transm.tt.ng s.gnal and H u V l .H l V„.HhV,, and H„V K are 
transmitted on D, channel at the period of first timing. Then, at the period of second brmng. H^H. H„V L -H. 
and HhV^H are transmitted on D, channel. As the signal is transmitted in a time division sequence, the encoder 
in the receiver can be arranged more simple. . 

The technique of reducing the number of the expanders in the decoder will now be expla.ned. F.g.74-b 
shows a Ume-base assignment of four data components 810.81 Oa.81 Ob. 

components 811.811a. 811b.811e are inserted between the four data components 811 811a.811b.811c re- 
spectively, the latter can be transmitted at intervals of time. In action, the second video decoder 422 shown .n 
Fig 74-a receives the four components of the first data stream D, at a first input 521 and transfers jhem through 
a switch 812 to an expander 503 one after another. More particularly, the component 810 first fed ,s expanded 
during the feeding of the component 81 1 and after completion of processing the component 810. the succeed,ng 
component 810a is fed. Hence, the expander 503 can process a row of the components at bme intervals by 
the same time division manner as of the mixer, thus substituting the simultaneous acbon of a number of expan- 

derS Fig 75 is a time-base assignment of data components of an HDTV signal, in which H^l) of an rJTSC 
component of the first channel signal for a TV program is allocated to a data domain 621 of £j signaL Also, 
H L V M H„V. . and H„V„ carrying HDTV additional components of the first channel s.gnal are al coated to three 
Sains 821a.821b"82l7 of D, signal respectively. There are provided other data component 
822 822a 822b 822e between the data components of the first channel signal which can thus be expanded w.th 
an expander circuit during transmission of the other data. Hence, all the daU components of one channel s.gnal 
will be processed by a single expander capable of operating at a higher speed. 

Similar effects will be ensured by assignment of the data components to other doma.ns 
821.821a.821 b.821c as shown in Fig.76. This becomes more effective in transmission and reception of a com- 
mon 4 PSK or ASK signal having no different digital levels. 

Fig 77 shows a time.base assignment of data components during physical two^evel transm.sson of three 
different signal level data: e.g. NTSC. HDTV, and super HDTV or low resolution NTSC 
NTSC. and HDTV. For example, for transmission of three data components of low resolut.on NTSC standard 
NTSC and HDTV, the lowresolution NTSC or H t V t is allocated to the data domain 821 of D, s.gnal. Also H t V„. 
KV and H„V H of the standard NTSC component are allocated to three domains 821a.821b.821crespecuve.y. 
H^H. HhV^-H. and H^H of the HDTV component are allocated to domains 823. 823a. and 823b respect- 

The foregoing assignment is associated with such a logic level arrangement based on discrimination in 
me error correction capacity as described in the second embodiment. More particularly. H L V L .s earned on 
D, , channel of the D, signal. The D,_, channel is higher in the error correction capacity than D„ channel, 
^"described in the second embodiment. The D ul channel is higher in the redundancy but lower .n the error 
rate than the D, , channel and the data 821 can be reconstructed at a lower ON rate than that of the other 
data 821a 821b 821c More specifically, a low resolution NTSC component will be reproduced at a far locabon 
from the transmitter antenna or in a signal attenuating or shadow area. e.g. the interior of a vehicle. In view of 
the error rate, the data 821 of 0 W channel is less affected by signal interference than the other data 
821a 821b 821c of D, , channel, while being specifically discriminated and staying in* different log.c level, as 
described in the second embodiment. Whle D, and D, are divided into two physically '» 
determined by discrimination of the distance between error correcting codes are arranged different in the log.c 

'"'The demodulation of D, data requires a higher C/N rate man that for D, data. In action H,V or low resoi- 
ution NTSC signal can at least be reproduce* in a distent or .owest C/N serv.ee area. H^.H„V, and h m V 
can in addition be reproduced at a lower C/N area. Then, at a high C/N area. H L V„-H L H„V,-H. and H H V„-H 
comments can also be. reproduced to develop an HDTV s.nal. Accordingly. «nree d^n, ^adeast 
signaTs can be played back. This method allows the signal recervable area shown .n F.g.53 to 'na^seframa 
double "gion to a U region, as shown in Rg.90. thus ensuring higher opporbnrty for ^^^^ 
Figs 78 is a block diagram of me third video decoder arranged for the Ume-base ass.gnment of d>» *own 
in Fig 77 wheh is similar to that shown in Fig.72 except that the third input 551 for D, s.gnal .s el.rn.na.ed and 

812 at Uie fi^timing. As the r components induding H L V L are time drvWed. they are transferred m a sequence 
by the switch 812 to an expander 503. Tns sequence will now be explained referring to the bme-base ass.gn- 
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mentof Fig.77. A compressed form of H L V L of the first channel is first fed to the expander 503 where it is expan- 
ded. Then, H L V M , H M V L , and H H V H are expanded. AJI the four expanded components are sent through a switch 
812a to a mixer 556 where they are mixed to produce H C V L -H. H L V L -H is then fed back from the terminal 1 of 
a switch 765a through the input 2 of a switch 765 to the H L V L input of the mixer 556. 

At the second timing, H^V^rl, HmV^-H, and H H V H of the Di signal shown in Fig.77 are fed to the expander 
503 where they are expanded before transferred through the switch 821a to the mixer 556. They are mixed by 
the mixer 556 to an HDTV signal which is fed through the terminal 2 of the switch 765a to the output unit 521 
for further delivery. The time-base assignment of data components for transmission, shown in Fig.77, contri- 
butes to the simplest arrangement of the expander and mixer. Although Fig.77 shows two, D t and D 2 . signal 
levels, four-level transmission of a TV signal will be feasible using the addition of a D 3 signal and a super re- 
solution HDTV signal. 

Fig.79 illustrates a time-base assignment of data components of a physical three-level. D 1( D 2 . D 3 , TV sig- 
nal, in which data components of the same channel are so arranged as not to overlap with one another with 
time. Fig. 80 is a block diagram of a modified video decoder 423, similar to Fig.78, in which a third input 521a 
is added. The time-base assignment of data components shown in Fig.79 also contributes to the simple con- 
struction of the decoder. 

The action of the modified decoder 423 is almost identical to that shown in Ftg.78 and associated with the . 
time-base assignment shown in Fig.77 and will no more be explained. It is also possible to multiplex data com- 
ponents on the D, signal as shown in Fig.81. However, two data 821 and 822 are increased higher in the error 
correction capability than other data components 821a.8l2b.812c. thus staying at a higher signal level. More 
particularly, the data assignment for transmission is made in one physical level but two logic level relationship. 
Also, each data component of the second channel is inserted between two adjacent data components of the 
first channel so that serial processing can be executed at the receiver side and the same effects as of the ti- 
me-base assignment shown in Fig.79 will thus be obtained. 

The time-base assignment of data components shown in Fig.81 is based on the logic level mode and can 
also be carried in the physical level mode when the bit transmission rate of the two data components 821 and 
822 is decreased to 1/2 or 1/3 thus to lower the error rate. The physical level arrangement is consisted of three 
different levels. 

Fig. 82 is a block diagram of another modified video decoder 423 for decoding of the D t signal time-base 
arranged as shown in Fig.81, which is simpler in construction than that shown in Fig. 80. Its action is identicaJ 
to that of the decoder shown in Fig.80 and will be no more explained. 

As understood, the time-base assignment of data components shown in Fig.81 also contributes to the sim- 
ple arrangement of the expander and mixer. AJso, four data components of the D, signal are fed at respective 
time slices to a mixer 556. Hence, the circuitry arrangement of the mixer 556 or a plurality of circuit blocks such 
as provided in the video mixer 548 of Fig.32 may be arranged for changing the connection therebetween cor- 
responding to each data componentso that they become compatible in time division action and thus, minimized 
in circuitry construction. 

Accordingly, the receiver can be minimized in the overall construction. 

It would be understood that the fifth embodiment is not limited to ASK modulation and the other methods 
including PSK and QAM modulation, such as described in the first, second, and third embodiments, will be em- 
ployed with equal success. 

AJso. FSK modulation will be eligible in any of the embodiments. For example, the signal points of a mul- 
tiple-level FSK signal consisting of four frequency components f1. f2.f3,f4 are divided into groups as shown in 
Fig. 58 and when the distance between any two groups are spaced from each other for ease of discrimination, 
the multf-Jeve! transmission of the FSK signal can be implemented, as illustrated in Fig. 83. 

More particularly, it is assumed that the frequency group 841 of M and f2 is assigned D x -0 and the group 
842 of f3 and f4 is assigned D t =1. If M and f3 represent 0 at D 2 and f2 and f4 represent 1 at D 2 . two-bit data 
transmission, one bit at D, or D 2 , will be possible as shown in Fig.83. When the C/N rate is high, a combination 
of D,=0 and D^l is reconstructed at t=t3 and a combination of D,=1 and D 7 =0 at t=t4. When the C/N rate is 
low, D t =0 only is reproduced at t=t3 and D t =1 at t=t4. In this manner, the FSK signal can be transmitted in the 
multilevel arrangement. This multi-state FSK signal transmission is applicable to each of the third, fourth, and 
fifth embodiments. 

The fifth embodiment may also be implemented in the form of a magnetic record/playback apparatus of 
which block diagram shown in Fig.84 because its ASK mode action is appropriate to magnetic record and play- 
back operation. 

As shown in Fig, 84, an input video signal to a magnetic record/playback apparatus 851 is divided and com- 
pressed by a video encoder 401 . Then, a low frequency band component, e.g. H L V t , of the video signal is fed 
to a first data stream input 743 of an input unit 742 and a high frecuency band component including H H V„ is 
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and e^ldt there^d/^ 

un! 760 Th^n the sucLeding procedure is similar to that described in the first, third, or fourth ernbod,rnenL 
Th fiit and second d^strea'rnl D„ Dj reconstn,cted by the demodulator 760 are 

rlpLder 422 to a video signal. Thanking to the multi-level recording, a high resolution TV signal e.g. of HDTV 
S^pSEc^nToN rate is high. If me ON rate is low or a .ow-function magnet* p.ayer . used. 

Embodiment 6 

A sixth embodiment of the present invention will be described for execution of four-level video signal trans- 
^sTcTn^ 

inl ° ^^^^3^ comprises a video dMder 895 and four compressor 

UsluLnScW* L videodivider895contains three dividers 4C4a.404b.404c which are arranged iden- 

r e so!;;^ 

nal input signal. . h gnd , frequency band compo- 

ih. o».r m i*» »«""^* s ™'f [ .°' ^TroTtw"" «»» ™>» « '«" crf """ 
Ken owressea »» »>■ compressor «» W • 0,., ™ ™ 

— - 

ponents ' ^ ^ruhh« to 750 Tines of a horizontal and a vertical resolution and trans- 
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divider 404b have 750 to 1000 lines of a horizontal and a vertical resolution and are mixed by a mixer 772b to 
an HH signal which is then compressed by the compressor 405d and delivered as a D„ signal. After com- 
pression, the HL signal is delivered as a 0 U x signal. As the result. LL or D W i carries a frequency data of 0 to 
250 lines. LH or O, 2 carries a frequency data from more than 250 lines up to 500 lines. HL or D*., carries a 
5 frequency data of more than 500 lines up to 750 lines, and HH or D 2 . 2 carries a frequency data of more than 
750 lines to 1 000 lines so that the divider circuit 3 can produce a four-level signal. Accordingly, when the divider 
circuit 3 of the transmitter 1 shown in Fig.87 is replaced with the divider circuit of Fig.93. the transmiss>on of a 
four-Jevel signal will be implemented. 

The combination of multi-level data and multilevel transmission allows a video signal to be at steps dec- 
« lined in the picture quality in proportion to the C/N rate during transmission., thus contributing to the enlargement 
of the TV broadcast service area. At the receiver side, the action of demodulation and reconstruction ts identical 
to that of the second receiver of the second embodiment shown in Fig.88 and will be ho more explained. In 
particular, the mixer 37 is modified for video signal transmission rather than data communications and will now 
be explained in more detail. * . 
« As described in the second embodiment, a received signal after demodulated and error corrected, is fed 

as a set of four components D^.D^.D^.D,., to the mixer 37 of the second receiver 33 of Fig.88. 

Fig.97 is a block diagram of a modified mixer 33 in which D 1 _,.D w ,.D a .,.D J . a are expanded by their res- 
pective expanders 523a,523b,523c,523d to an LL. an LH. an HL and HH signal respectively which are equiv- 
alent to those described with Fig.93. If the bandwidth of the input signal is 1. LL has a bandwidth of 174. LL+LH 
20 has a bandwidth of 1/2. LL+LH+HL has a bandwidth of 3/4, and LL+LH+HL+HH has a bandwidth of 1. The LH 
signal is then divided by a divider 531a and mixed by a video mixer 548a with the LL signal. An output of the 
video mixer 548a is transferred to an HV L terminal of a video mixer 548c. The video mixer 531a is identical to 
that of the second decoder 527 of Fig.32 and will be no more explained. Also, the HH signal is divided by a 
divider 531b and fed to a video mixer 548b. At the video mixer 548b. the HH signal is mixed with the HL signal ' 
25 to an H H V„-H signal which is then divided by a divider 531 c and sent to the video mixer 548c. At the video mixer 
548c. H„V„-H is combined with the sum signal of LH and LL to a video outpuL The video output of the mcxer 
33 is then transferred to the output unit 36 of the second receiver shown in Fig.88 where it is converted to a 
TV signal for delivery. If the original signal has 1050 lines of vertical resolution or is an HDTV signal of about 
1000-Jine resolution, its four different signal' level components can be intercepted in their respective signal re- 
30 ceiving areas shown in Fig. 91. 

The picture quality "of the four different components will be described in more detail. The illustration of Fig.92 
represents a combination of Figs.86 and 91. As apparent, when the C/N rate increases, the overall signal level 
or amount of data is increased from 862d to 862a by steps of four signal levels D,_ 1 .D 1 _2.Dj_i ( D 2 _2- 

AJso, as shown in Fig.95. the four different level components LL, LH, HL and HH are accumulated in prc- 
^ portion to the C/N rate. More specifically, the quality of a reproduced picture will be increased as the distance 
from a transmitter antenna becomes small. When L=Ld, LL component is reproduced- When L-Lc. LL+LH signal 
is reproduced. When L=Lb, LL+LH+HL signal is reproduced. When L=La, LL+LH+HL+HH signal is reproduced. 
As the result, rf the bandwidth of the original signal is 1. the picture quality is enhanced at 1/4 increments of 
bandwidth from 1/4 to 1 depending on the receiving area. If the original signal is an HDTV of 1000-l.ne vertical 
40 resolution, a reproduced TV signal is 250. 500. 750, and 1 000 lines in the resolution at their respecUve receiving 
areas. The picture quality will thus be varied a( steps depending on the level of a signal. Fig.96 shows the signal 
propagation of a conventional digital HDTV signal transmission system, in which no signal reproduction will be 
possible when the C/N rate is less than Vo. Also, signal interception will hardly be guaranteed at signal inter- 
ference regions, shadow regions, and other signal attenuating regions, denoted by the symbol x, of the sennce 
45 area. Fig.97 shows the signal propagation of an HDTV signal transmission system of the present invention. As 
shown the picture quality will be a full 1000-line grade at the distance La where C/N=a. a 750-line grade at the 
distance Lb where C/N=b. a SOCWine grade at the distance Lc where C/N=c. and a 250-line grade at the distance 
Ld where C/N=d. Within the distance La. there are some unfavorable regions where the CN rate drops sharply 
and no HDTV quality picture will be reproduced. As understood, a lower picture quality signal can however be 
50 intercepted and reproduced according to the multi-level signal transmission system of the present .nvenbon. 
For example, the picture quality will be a 750-line grade at the point B in a building shadow area, a 250-l.ne 
grade at the point D in a running train, a 750-Jine grade at the point F in a ghost developing area, a 250-l.ne 
grade at the point G in a running car, and a 250-line grade at the point L in a neighbor signal interference area., 
As set forth above, the signal transmission system of the present invention allows a TV signal to be successfully 
35 received at a grade in the area where the conventional system is poorly qualified, thus increasing rts service 
area Fig 98 shows an example of simultaneous broadcasting of four different TV programs, in which three qual- 
ity programs C.B.A are transmitted on their respective channels O v . 2 .D 3 . 1 .D 2 . 2 while a program D .denbcal to 
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m.i of a local analog TV station is propagated on the D,., channel. Accordingly, while the program D is kept 
7JJ< TZ1£Z2, the othe'r lee programs can a.so be disputed on air for offenng a multiple 

^ a^em^na. the low and high frequency band componen* are 

f^o^^ 
^^^^ 

can Utilized in PCM broadcast, radio portable telephone and the like. In this case, the broadcasting area 
communication distance can be expanded as compared with me ^ utilization of fre- 

The multi-level signal transmission method of the embedment » intended to " n <^™^ l£) be de . 
auencies but may be suited for not all the transmission systems s.nce causing some type receivers to t>e _ae- 
STn me energy uflizalion. .t is a good idea for use with a sate.me 

subscribers to employ most advanced transmitters and recervers ««^« JJ ^^J^ I™"* 
quencies and energy. Such a specific purpose signal transrrussion system w.11 not be bound oy p 

invention. ...«iiii« « tpn-estrial broadcast service which 

The present invention will be advantageous for use with a sate lite or terrestnai oroa 

is essen L to run in the same standards for as long as 50 years. Dunng the •^"^^'Jj^^ 

dards mus, not be altered but improvements w, be P"^J™£ ™ ZZ^Z^^ 

technological achievements. Particularly, the energy for signat trawmission v^l surelyDe 

sa.eilite. Each TV station should provide a compatible ^^^J^^SSL^ 

to any type receivers ranging from toda/s common ones to future advanced ones. i ne sg 

system of ft. Present invention can provide a compatible broadcast service of both the ex.st.ng NTSC 

HDTV systems and also, ensure a future extension to match mass data transm.ss.on. 

HD 7he y IIsTnt invent concerns much on the frequency ^J^^,^^^ 

receiving sensitivity of each receiver is arranged different ^^^"^^^1. suites which 

that U,e transmuting power of a transmitter needs no, to be * e present 

restria. TV broadcast service in which the energy utilaation ,s no. cruciaUs a " ed tQ , M , 

service. The results are such that the signal attenuate regions m a 3 « JjJ ™ ^p^aity of 

ventiona. digital HDTV broadcast system are considerably reduced in f^°" ^/^^ a ? ea „ 
an HDTV receiver or display with the existing NTSC system is the embc- 

stan.ia.ly increased so thatprogram supplie^ 

diments of the present invention refer to 16 and 32 QAM P^*"-™' ASK an(J FSK , ec hniques 

64 128. and 256 QAM will be employed with equal success. Also, mulbple PSK. ASK. 

will be applicable as described with the embodiments. desC ribed in me above. How- 

A combination of the TDM with the SRQAM of the present mvenbon has been , descnb« 
ever, me SRQAM of me present invention can be comb.ned also wth any of the FDM. CDMA 
dispersal communications system's. 



Claims 



the input signal containing a first data stream of n ^ sb^am t^en signal point groups 

SeTe^^ 

A signal transmission system according to Claim 1. wherein the first and se«nd data streams are two. 
fow and high, frequency band components of a video or audio signal respectrve.y. 
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10 



15 



A signal transmission system according to Claim 1 . wherein during transmission and reception of both the 
fire: and second data streams of the signal, the second data stream can be canceled transmission or re- 
ception when the error rate at transmission becomes high while the first data stream continues to be trans- 
mitted. 

A signal transmission system according to Claim 1, wherein the signal points are shifted to other positions 
in the signal space diagram so that one of them which is located at a nearest position to the origin point 
of the l-axis and Q-axis coordinates of the diagram, is spaced S5 from each axis where 6 is the distance 
between the nearest signal point and the I- or Q-axis and S is the length of shift which is more than 1 . 

A signal transmission system comprising: 

a demodulator for demodulating a received QAM signal representing P signal points in a signal 
space diagram; and 

an output, in which the main procedure indudes dividing the P signal points into n signal point 
groups, demodulating a first data stream of which n values are assigned to the n signal point groups, and 
demodulating a second data stream of which P/n values are assigned to P/n signal points of each signal 
point group for reconstruction of data of the first and second data streams. 

6. A signal transmission system according to Claim 5. wherein the first and second data streams represent 
two, low and high, frequency band components of a video signal respectively, 

7. A signal transmission system according to Claim 5, wherein during reception of both the first and second 
data streams of the signal, the second data stream can be canceled when the error rate becomes high 
while the first data stream continues to be intercepted. 

25 8. A signal transmission system according to Claim 5, further comprising a carrier wave reproducer in which 
a carrier wave is reproduced from the received signal by 16x multiplication of a frequency of the received 
signal. 

9. A signal transmission system according to Claim 5, wherein the signal points of QAM are shifted to other 
30 positions in the signal space diagram so that one of them which is located at a nearest position to the origin 

point of the l-axis and Q-axis coordinates of the diagram, is spaced S5 from each axis where 5 is the dis- 
tance between the nearest signal point and the I- or Q-axis and S is the length of shift which is more than 

3 5 10, A signal transmission system comprising: 

a transmitter having a signal input circuit, a modulator circuit for producing m signal points in a signal 
space diagram through modulation of a carrier wave using an input signal fed from the signal input circuit, 
and a transmitter circuit for transmitting a modulated signal, in which a main procedure includes receiving 
the input signal containing a first data stream of n values and a second data stream, dividing the m signal 

^ points into n signal point groups, assigning n values of the first data stream to the n signal point groups 

respectively, and assigning data of the second data stream to the signal points of each signal point group; 
and 

a receiver having an input circuit for reception of the modulated signal from the transmitter, a de- 
modulator circuit for demodulating a QAM modulated signal representing P signal points in a signal space 
^ diagram, and an output circuit, in which the main procedure indudes dividing the P signal points into signal 

point groups, demodulating the first data stream of which n values are assigned to the n signal point groups, 
and demodulating the second data stream of which P/n values are assigned to P/n signal points of each 
signal point group for reconstruction of data of the first and second data streams. 

11. A signal transmission system according to Claim 10. wherein the first and second data streams represent 
50 two. low and high, frequency band components of a video signal respectively. 

1Z A signal transmission system according to Claim 10, wherein the signal points of QAM are shifted to ofter 
positions in the signal space diagram so that one of them which is located at a nearest position to the origin 
point of the i-axis and Q-axis coordinates of the diagram, is spaced S5 from each axis where 6 is the dis- 
53 tance between the nearest signal point and the I- or Q-axis and S is the length of shift which is more than 

1. 



33 



BP 0 506 400 A2 



13. A signal transmission system comprising: / 

a modulating means for modulating a carrier wave with an input signal to produce m s.gnal pon 
where m is an integer, on a signal space diagram; 

transmitting means for transmitting the modulated signal; and 

means for changing or modulating positions of the signal points with a part of the input signal. 



10 



15 



70 



25 



30 



35 



40 



45 



SO 



34 



EP 0 506 400 A2 




A...: 




BP 0 506 400 A2 



i 



I — - 
E 


> 








p 

CD 



d 




c 






t 


o o 


.£ 












36 



EP 0 506 400 A2 




37 



EP 0 506 400 A2 




38 



EP 0 506 400 A2 




39 



EP 0 506 400 A2 




40 



EP 0 506 400 A2 



O 



Oo 



oS 



.J 



h r 



O 7- 



O 



O o 



oS 




o:: 



t 



O 



o 



o° 



o 



CM 
CD 



CO 
CD 



41 



BP 0 506 400 A2 




42 



EP 0 506 400 A2 




43 



EP 0 506 400 A2 




44 



BP 0 506 400 A2 




45 



EP 0 S06 400 A2 



Vi~~ i-z 




46 



EP 0 506 400 A2 




47 



BP 0 506 400 A2 




48 



EP 0 506 400 A2 




49 



BP 0 506 400 A2 




EP 0 506 400 A2 



H 

ci 

H 
fa 




51 



BP 0 506 400 A2 




52 



EP 0 506 400 A2 



1st data stream 
reproducer 



=7 A 



P 5 



50- 



1 



51 



50^ 
•on 02 ^ 

a 2 0 



> 

a 
Cs5 



3 
-a 
o 

E 
a 

Q 



A A 



c u 



£ A 



d 3:= 

*= a. « 



11 




EP 0 506 400 A2 




54 



EP 0 506 400 A2 




EP 0 506 400 A2 




56 



EP 0 506 400 A2 




57 



EP 0 506 400 A2 



FIG .24 



A PSK demodulation 



1st data reproduction' 



,313 



301 



^production of 
modulated data 
MCO factor*, m 
1st distance ; Ai 
2nd distance ; A2 
3rd distance ; Aa 



302 




305 



Calculation of threshold 
A2 . 



THs = THie = 



Ai + 2 
Ai + A2 



306 



Send TH 16 to lst,2nd 
D1SCR/REPRO circuits 



Demodulation of 
modified 8 or 16 
APSX 

X' 



,307 



,315 



Reproduction of 1st. 
2nd data streams 



310 




,306 



'Equal sienal\NO 
point" distance 



Yes 



58 



EP 0 506 400 A2 



85 



Or 



83 

4- 



(a) 



Al"^ • A2 ! 



0 — 



.4 : 



>. 



•v 92 



,91 



B2 



/: : 96 .-' 



•83- 







(b) -4- 



•B1 

4 



■ 95 . x . 



Q ■ 



& 



'1 ' 



59 



EP 0 506 400 A2 



CS 



V 



1 3 

si? 



o 

is 

H ° 



SO 

IliM 



d 



> : cs 



o 
o 

c: 

04 



a 
•a 
o 

S 
o 

a 



<s s 



«§1 

(5 S e 



<5 § 



5o _ 



cr O 



A A 



-a ±2 
c o 



As A 



iV 



8 

a. 



3 




60 



EP 0 506 400 A2 




61 



FIG. 2 3 



1 



1 



ft PSK derodiilationf ^ 



313 



1st data, -reproduction 



301 



I 



302 

Reproduction of -modulated data 
MOO factor: m 

1st distance: Ai 

!nd distance: Aa 

Ird distance: Aa 




321 



Calculation of 
threshold ^ 

At +T 



TH* « THu 



Ai -f-Aa 



306. 



Send TH 16 to 1st, 2nd 
DISCR/REPRO circuits 



T ,307 



Demodulation' 
of modified 8 
or 16 APSK 



T 



315 



Reproduction of 1st. 2nd data 



of" 3T 




Yes 322 
Peculation ^g^.. 123 



ire than^settine? 
Yes 32* 



Calculation of 
threshold 



TH144 - 



TK2W- 



TK3m - 



A3 
Ai 4-2 
A) + Aa 
Aa 
Ai -4- 2 
Ai ■+* Aa 

_Aa 
Ai -f-A3 .3 
Ai + Aa 




streams 



_325 



Send threshold values] to 1st. 
2nd DISCR/REPRO circuits 



T 



— -r 326 

Demodulation of) 
modified 64 APSK 



r 



^327 



Reproduction of 1st, 

2nd, 3rd data streams 
-J 




62 



EP 0 506 400 A2 




63 



EP 0 506 400 A2 







64 



EP 0 506 400 A2 



<7> 
O 



o 
o 
m 



V 



H 

• 

0 
H 



<u 
-a 
o 
o 

4) 



> ■ 



O- 3 
. O 

u a 

U bD 

u c 
< o 



n > 

o j=i 



5 



Q 



3 

c 



65 



EP 0 506 400 A2 




EP 0 506 400 A2 




67 



EP 0 506 400 A2 




68 



EP 0 506 400 A2 




69 



EP 0 506 400 A2 




70 



EP 0 506 400 A2 




EP o 506 400 A2 




72 



EP 0 S06 400 A2 




EP 0 506 400 A2 




74 



EP 0 506 400 A2 




75 



EP 0 506 400 A2 




EP 0 506 400 A2 





n 
0 

H 






77 



EP 0 506 400 A2 




EP 0 506 400 A2 




79 



EP 0 506 400 A2 




80 



EP 0 506 400 A2 




81 



EP 0 506 400 A2 




82 



EP 0 506 400 A2 




83 



EP 0 506 400 A2 



o . 
in 



o 



o 



CO 



LO 



CO 



CD 



CO 



eg 



CO 



CM 



-J 



CO 



CO 



a eg 



OJ 
-J 



CO 



CD 



CO 



in 



CO 



2 



► I to 



CD 

X 



in 
X 



CO 

X 



cvj 
X 



ZL 



evi 

CD 

X 



OJ 

in 
X 



CO 
OJ 

I 

X 



CM 
i 

CO 



OJ 
OJ 

X 



I 

X 



CO 

CM 

X 

Q 



CO 
CD 

X 

CO 



CO 

in 
X 

co 



CO 

X 



co 

CO 

X 



CO 
OJ 

X 

CO 



CO 



9. 
Q 



84 



A 



EP 0 506 400 A2 



ri 

in 

0 
H 
fa 









A 


A 


A 


A > 


C£ 




L6 




M6-1 




M6-2 




M6-3 




H6-1 














CO 




CO 




V) 






















ITS 




L5 




M5-1 




M5-2 




M5-3 




H5-1 






CO 




CO 




CO 




CO 




to 






















_J 








CM 




CO 
1 




H4-1 






CO 




CO 




CO 




CO 




cn 






















CO 




L3 




M3-1 




M3-2 




cr> 
r) 


• 


H3-1 






CO 




CO 




CO 




CO 




w 


















CVJ 




CM 
—1 




T— 

CM 




CVJ 

CM 




°7 

CM 




H2-1 






CO 




CO 




CO 




CO 




CO 










































-J 




MM 




CM 

i 




n 

i 




H1-1 






CO 




CO 




CO 




CO 




CO 


co 


















I 


CO 


I 




CO 














^ L 


I 




> 
Q 


X 
Q 




> 

Q 




X 
Q 


> 



85 



EP 0 506 400 A2 




86 



EP 0 506 400 A2 




87 



EP 0 506 400 A2 




EP 0 506 400 A2 




89 



EP 0 506 400 A2 




90 



EP 0 506 400 A2 




in 
0 

H 
fa 



O 



91 



E? 0 506 400 A2 




92 



EP 0 506 400 A2 




CC 



-Q 



93 



EP 0 506 400 A2 




94 



EP 0 506 400 A2 




95 



EP 0 506 400 A2 




96 



EP 0 506 400 A2 




97 



EP 0 506 400 A2 




CO 



98 



EP 0 506 400 A2 



O 

<Z3 



Jo c 



"8 



in 
0 

H 
fa 



4J 
O 



4> T 



33 



5-e 



«Q CU 
n 4J 



5 & 



N 



2 X 



o,t) © 



LdJ 



01 
CM 
CO 



45 S 



3 o|"? 

3-s 



99 



EP 0 506 400 A2 






I 




EP 0 506 400 A2 



03 
V0 

I 

0 

H 




102 



BP 0 506 400 A2 




103 



EP 0 506 400 A2 



X 

x 



X 



x 
> 



> 

z 

X 



> 
X 



x 
> 



> 

—J 



-r- CM 

JZ 

CO « 



5 I 

71 



S 3 
to to 



3 5 



7" 



*7\ 



o 



o 

H 
fa 



X 



> 
I 



x 
> 



3 
X 



"> 

3 




_ ..j 



104 



EP 0 506 400 A2 



\ 



in 
in 




\ 



H 

« 

0 

H 
fa 



> 
X 



X 

I 

_J 

> 

X 



c 

— « X 



X 
> 



X 

> 



w K 
U3 V 



a 

CO 

m 
m 



> 

X 



> 

x 
> 



> 
X 



> 

x 



> 
X 



1. 




U 






U 


t) 




4J 












■o 






■o 


•c 




C 






c 


CI 




<o 












58- 




*o 


o. 


w x 










X 


tO 41 








ro 





> 

X 

X 



\ 



> 

X 

X 



> 
X 



-3 a. 



> 
X 



w CL 



> 

X 



CM 

m 




\ 


a. 






** 







105 



EP 0 506 400 A2 




106 



EP 0 506 400 A2 




107 



EP 0 506 400 A2 



CD 



CM 
C\J 



\ 



3. 



\ 



<7 

0 

H 

In 



o 
o 

■o 



T3 

c 



t3 
C 



ex 
u 



CM 
CO . 



XL 

a 



N 



o 

CO 



3 


\ 




a. 

.S 




a. 
.5 


. M 




"O 

1 c 






CM 



o 
o 



O 



\ 



ro 
o 



\ 



\ 



Q 



Q 





o 




/ 5 


X 

> 

X 




X 










/ 5 


-i 
> 

X 










CO 






> 




X 










/ 5 


—i 
> 




X 




Q 



108 



EP 0 506 400 A2 




109 



EP 0 506 400 A2 




110 



EP 0 506 400 A2 




111 



EP 0 506 400 A2 




EP 0 506 400 A2 




EP 0 506 400 A2 




EP 0 506 400 A2 




EP 0 506 400 A2 




116 



EP 0 506 400 A2 




117 



EP 0 506 400 A2 




EP 0 506 400 A2 



| \ 

O 




c 



CO 

Q 



CM 

CNJ 

Q 



CM 

Q 



CM 
t 

5 



119 



EP 0 506 400 A2 




120 



EP 0 506 400 A2 



00 

0 

H 

In 




CO 



cvi -7 

CM CM 




CM 
i 






Divider 







CM 




121 



EP 0 506 400 A2 




122 



EP 0 506 400 A2 




123 



EP 0 506 400 A2 




124 



EP 0 506 400 A2 




125 



EP 0 506 400 A2 




126 



EP 0 506 400 A2 




T 



127 



EP 0 506 400 A2 




128 



EP 0 506 400 A2 




129 




130 



E? 0 506 400 A2 




131 



EP 0 506 400 A2 



H °1 q l H 0 




132 



EPO 506 400 A2 



tO CO <D 

CO CO CO 

b- — ^ 



CO 




133 



EP 0 506 400 A2 



in 



o 



0 
0 
H 

0 

H 
fa 



o 



JJb 




134 



EP 0 506 400 A2 



F X G - X O X 




EP 0 506 400 A2 



FXO .102 



0.00 




136 



EP 0 506 400 A2 



FX O - 1 O 3 



C/N(dB) 
50.00 
45.00 



40.00 



35.00 




137 



EP 0 506 400 A2 



C/N(dB) 

50.00 
45.00 
40.00 
35.00 
30.00 
25.00 
20.00 



-Lr 




(0 



10 



-i.s 



-EX 



0.50 



1.00 



1J0 



on 



138 



EP 0 506 400 A2 




139 



EPO 506 400 A2 




140 



EP 0 506 400 A2 




^N7A3-HO,N7/130- 




5- — 



HW| «., «* 0 r.v«— @ Publication number: 0 506 400 A3 



@ 



EUROPEAN PATENT APPLICATION 



(g) Application number : 92302627.2 
@ Date of filing : 26.03.92 



ffl) mt CI. 5 : H04N 7/13, H04N 7/04, 
H04N7/12, H04N7/08, 
H04L 27/34 



(So) Priority: 27.03.91 JP 62798/91 
^ 25.04.91 JP 95813/91 
29.05.91 JP 155650/91 

23.07.91 JP 182236/91 

17.03.92 JP 60739/92 

{«) Date of publication of application : 

30.09.92 Bulletin 92/40 

(C) Designated Contracting States : 
W DE FR GB NL • 

fie) Date of deferred publication of search report : 

26.05.93 Bulletin 93/21 



(R) Applicant: MATSUSHITA ELECTRIC 

^ INDUSTRIAL CO., LTD. . 

1006, Oaza Kadoma / 

Kadoma-shl, Osaka-fu ( 571 (JP) 

(53) Inventor: Oshima, Mitsuaki. 115-3 Katsura 
W Minamitatsumi-cho, Nishikyo-ku 
Kyoto-shl. Kyoto-fu 615 (JP) 

(53) Representative : Crawford, Andrew Birkby at al 
A.A. THORNTON & CO. Northumberland 
House 303-306 High Holbom 
London WC1V 7LE (GB) 



CO 
< 

o 
o 

CO 

o 
in 



(g) Signal transmission system. 

(gh At the transmitter side, carrier waves are mod- 
^ ulated according to an input signal for praduc. 
ing relevant signal 

diagram. The input signal .s divided into two 
first and second, data streams. The signal 
points are divided into signal point groups to 
which data of the first data stream are assigned. 
Also data of the second data stream are assig- 
ned 'to the signal points of each signal pom 
croup. A difference in the transmission error 
rate between the first and second date stoams 
is developed by shifting the signal po.nte to 
other positions in the space diagram. At me 
receiver side, the first and/or second date 
streak «n be reconstructed from a received 
sgnal. In TV broadcast service, a TV signa I s 
divided by a transmitter into two. low and high, 
frequency band components which are desig- 
ned « a first and a second data stream 
"espectrvely. Upon receiving the TV signal a 
Teeter can reproduce only me low frequency 
band component or bom the low 
frequency band components, depend.ng on its 
capability. 




CL 
Ui 



Jouve. 18. rue Saint-Denis, 75001 PARIS 



EP 0 506 400 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Afplicaaoa Number 

EP 92 30 2627 
Page 1 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Catdoo «f document wiUt auticuoo, wbtrt appropriate, 
of rctevut p«gmt« 



R dermal i CLASSIFICATION OFTHT 
*H,im 1 APPLICATION 0^.0-5) 



1-3,5-8, 
10.ll.13j 

1-3, 5-8 ,i 

io.ii.i3i 



1-13 



IEEE TRANSACTIONS ON COMMUNICATIONS. 1-3 
Vol.31, No. 6. June. 1983, New York, US. 10.11,131 
pages 821-826; 

HILL et al.: 'A performance study of 
NLA 64-state QAM 1 
* paragraph I. II; figures 1-3 * 

EP-A-0 122 805 (C00EX CORP.) 
24 October 1984 

the whole document * 

EP-A-0 311 188 (N.V. PHILIPS' 
GLOEILAMPENFABRIEKEN) 
12 April 1989 

abstract; claims 9-22 * 

JAPAN TELECOMMUNICATIONS REVIEW. 
Vol.24. No.l. January. 1982. Tokyo, JP, 
pages 65-73; 

S. MATSUMOTO et al.: ' 200 Mb/s 16 QAM 
digital radio-relay system operating in 4 
and 5 GHz bands' 

paragraph 4; figures 10.11 * 

EP-A-0 031 193 (PARADYNE CORP.) 
1 July 1981 

abstract; claims 1-9; figures 3,8 

US-A-4 630 287 (ARMSTRONG) 
16 Oecember 1986 
* the whole document * 

EP-A-0 485 105 (AT&T COMPANY) 
13 May 1992 

w the whole document w 

WO-A-9 214 343 (GENERAL ELECTRIC COMPANY) 
20 August 1992 
I * the whole document * 



H04N7/13 
H04N7/04 
H04N7/12 
H04N7/08 
H04L27/34 



TECHNICAL FIELDS 
SEARCHED Q.S) 



1-3,5-7, 
10,11,13 



1-13 



1,4,5,9, 
10,12 



1-3,5-7 
10.11,13 



Th« prow* wreb n? 0 rt h«s b«o dr»-o up for wli d« 



H04N 

H04L 



THE HAGUE 



Oat •< 

10 MARCH 1993 



H0EKSTRAA. 



CATEGORY OF OTtD OOCUMEXTS 

X : ptxricuJirly nl«vot it oJus &loo« 

Y : pmiaili/ly idrui if coabux* «iib uwxiff 

tocaaot of <fi< tui dttTTT 
A : l«c£not»fjc&l fcicifniurf 
O : ooo-wnnm laid*™* 
p : ietcmcd'att (oaiocni 



t • o/U«r P4tm( 4oai««l, b*it ptUii*** «, or 

sftcr It* fibM UU 
D : doaimal dtcW U Uf ipcdlaooo 
L : iocaaeot dxtd hf ota«r ftuo« 



cocuaal 



2 



EP 0 506 400 A3 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



AppUatiao KooiW 

EP 92 30 2627 
Page 2 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Catej wry 



Cftatioa of document with indicwioa, wbert appropriate, 
cf rrtnranl pmug 



CLASSIFICATION OF THE 
Aft* LI CATION flat, Q-5 ) 



WO-A-8 908 366 (GENERAL ELECTRIC COMPANY) 
8 September 1989 9 
* claims 1-5; figures 1,2 * 



The present ftardi report has beta drawn up for all claims 



TECHNICAL FIELDS 
SEARCHED (Int. CLS ) 



THE HAGUE 



0*1 tl WfUM tflfa « 

10 MARCH 1993 



H0EKSTRA A. 



CATECORY OF CITED DOCUMENTS 

X : panicnlirly rcWvut If uia alooo 

Y : psmoilxAj rd«vui tf coabhxd *t& tMAff 

iocuscat o/ th« ua< atojory 
A : lochaotofjcsJ WcfcpouM 
O : BM<«rina Jitdortn 
P : Ui«rsWa(« o'ocaaoat 



T : i>«orjr o/ artadpl* tnU«r1ytD| tb« inmooo 
E : earlier a*l«3t loaiMt, but pablhbW oa, or 

- trior tM iiio 
D : Jooioobi dt«4 ii t*o applicadoa 
L : tocunoat dt*4 for odwr m*o*i 

A : g«W of Cm cum punt raxaih/, csntspooaiaf 
cootacot 



3 



